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Resum del Projecte
L’Automatic Control Lab de l’Institut Federal de Tecnologia de Zuric (ETH) esta` ac-
tualment dissenyant i construint un vehicle solar auto`nom (ASV per les seves sigles
en angle`s). Del tamany d’un cotxe de control remot, la principal motivacio´ per a la
seva construccio´ e´s que sigui utilitzat com a plataforma de recerca per a provar noves
estrate`gies i me`todes de control.
El projecte ASV ha estat dividit en diverses etapes: el disseny meca`nic, el control
del tren de rodatge, la gestio´ energe`tica, etc. L’objectiu d’aquest projecte de final de car-
rera e´s el de dissenyar i implementar un sistema sense fils de telecomunicacions que anira`
integrat sobre el vehicle. El sistema sense fils possibilitara` la transmissio´ d’informacio´
entre l’ASV i un ordinador remot encarregat d’enviar instruccions i processar dades sobre
mesures del cotxe.
Els principals elements constituents d’aquest projecte so´n un microcontrolador a bord
del ASV que gestionara` el seu moviment; dos mo`duls radiofrequ¨encials (un integrat i
amb pins accessible i l’altre encastat en un dispositiu USB) i un PC. L’estructura del
projecte esta` fonamentalment dividida en dues parts, d’una banda la part del vehicle, on
el microcontrolador esta` connectat via USART (Universal Asynchronous Transmitter
Reciever) a un circuit integrat sense fils. A l’altra banda, el costat del PC, el sistema
presentara` un PC connectat al dispositiu USB radiofrequ¨encial. A trave´s de la progra-
macio´ del microcontrolador i el desenvolupament d’una aplicacio´ d’ordinador a l’altra
banda un canal de comunicacions entre els dos dispositius sense fils sera` establert. El
PC sera` habilitat per enviar instruccions especials al ASV i rebra` mesures i dades que
posteriorment seran processades.
A causa dels treballs que actualment es duen a terme sobre l’ASV, un dels objec-
tius principals e´s el de establir una capa de comunicacio´ software independent dels canvis
en les dades o les instruccions a ser enviades. L’objectiu d’aquesta capa e´s la de proveir
un sistema on les dades i instruccions arriben al seu destinatari sense importar la seva
estructura. Prenent com a refere`ncia el model OSI (Open Systems Interconnection),
futures millores del projecte no afectaran les capes me´s baixes de l’arquitectura sino´
nome´s les dues superiors: Aplicacio´ i Presentacio´.
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Resumen del proyecto
El Automatic Control Lab del Instituto Federal de Tecnolog´ıa de Zurich (ETH) esta´
actualmente disen˜ando y construyendo un veh´ıculo solar auto´nomo (ASV por sus siglas
en ingle´s). Del taman˜o de un coche de control remoto, la principal motivacio´n para su
construccio´n es que sea usado como plataforma de investigacio´n para probar nuevas
estrategias y me´todos de control.
El proyecto ASV ha sido dividido en diversas etapas: el disen˜o meca´nico, el control del
tren de rodaje, la gestio´n energe´tica, etc. El objetivo de este proyecto de final de carrera
es el de disen˜ar e implementar un sistema inala´mbrico de telecomunicaciones que ira´
integrado sobre el veh´ıculo. El sistema sin hilos posibilitara´ la transmisio´n de informacio´n
entre el ASV y un ordenador remoto encargado de enviar instrucciones y procesar datos
sobre mediciones del coche.
Los principales elementos constituyentes de este proyecto son un microcontrolador
a bordo del ASV que gestionara´ su movimento; dos mo´dulos radiofrecuenciales (uno
integrado y con pines accessibles y el otro encastado en un dispositivo USB) y un PC.
La estructura del proyecto esta´ fundamentalmente dividida en dos partes, por un lado
la parte del veh´ıculo, donde el microcontrolador esta´ conectado via USART (Universal
Asynchronous Transmitter Reciever) a un circuito integrado sin hilos. Por otro lado el
PC, el sistema presentara´ un PC conectado al dispositivo USB radiofrecuencial. A trave´s
de la programacio´n del microcontrolador y el desarrollo de una aplicacio´n de ordenador
en el otro lado, un canal de comunicaciones entre los dos dispositivos inala´mbricos sera´
establecido. El PC sera´ habilitado para enviar instrucciones especiales al ASV y recibira´
mediciones y datos que posteriormente sera´n procesados.
A causa de los trabajos que actualmente se llevan a cabo sobre el ASV, uno de los
objetivos principales es el de establecer una capa de comunicacio´n software independiente
de los cambios en los datos o en las instrucciones a ser enviadas. El objetivo de esta
capa es la de proveer un sistema donde los datos e instrucciones llegan a su destinatario
sin importar su estructura. Tomando como referencia el modelo OSI (Open Systems
Interconnection), futuras mejoras del proyecto no afectaran las capas ma´s bajas de la
arquitectura sino so´lo a las dos superiores: Aplicacio´n y Presentacio´n.
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Abstract
The Automatic Control Lab at the Swiss Federal Institute of Technology Zurich (ETH)
is currently designing and building an autonomously driving solar vehicle (ASV). Having
the size of a Radio Control Model Car, the main purpose of it is to serve as a research
platform to test new control methods and strategies.
The ASV project has been divided into different stages such as mechanical design,
power train motor control, energy management, etc. The aim of this particular Semester
Project is to design and fully implement a wireless telecommunication system onto the
ASV. This wireless channel will enable the transmission of information between the
ASV and a remote PC in charge of sending instructions and processing data measurements.
The main constituent devices of this project are a microcontroller onboard of the ASV
that manages its motion; two radiofrequency modules (one integrated and with accessible
pins and the other embedded with a USB) and a PC. The structure of the project is
mainly divided in two parts, one is the ASV-side, where the microcontroller is connected
via USART (Universal Asynchronous Transmitter Reciever) to the IC wireless device.
On the other side, the PC-side, the system will present a PC connected to the USB
RF Module. Through the programming of the microcontroller and the development of
a computer application on the other side, a communication channel between the two
wireless devices will be established. The PC will be able to send special instructions to
the ASV and receive measurements and data that later on are going to be processed.
Due to the ongoing works on the ASV project, one of the main goals of the current
project is to build a software communication layer independent of changes in the data or
instruction to be sent. The aim of this layer is to provide a system where instructions
and data reach their destination regardless of their structure. Taking the OSI Model
(Open Systems Interconnection) as the reference, future enhancements in the project will
not modify the lowest layers of the architecture but rather the two top ones: Application
and Presentation.

1 Introduction and System Overview
This semester project is part of a major project by the ETH Zu¨rich. The IfA group
(Automatic Control Laboratory) is researching on new control strategies and, for this
reason, the design and construction of an autonomous solar car vehicle (ASV) is expected
to be a powerful test platform. With the size of a Radio Control Model Car, the
telecommunication system presented in this document has the goal of completely fulfilling
the communication demands of such a vehicle. Previous projects have been managing
other modules of the project: mechanical design [1](Fig. 1.1 for an image of the ASV),
power train motor control [2], energy management [3].
Figure 1.1: ASV Image.
At the final stage of the project, the car is intended to be fully controlled remotely from
a computer. Two sets of messages are expected to be transmitted to/from the car: first
instructions to manage the behaviour of the car (start and stop, moving directions, etc.)
and second, data of measurements taken from different sensors integrated onto the solar
vehicle and results of data-processing on the computers’ side.
All previous steps on the car development worked under the assumption that the vehicle
would be connected via a wired link to a computer continuously. What is innovative in
this project is the transformation from a wired to a wireless environment, increasing the
versatility of the ASV and making it become a real autonomous vehicle.
5
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Technologically speaking, the main aim of this particular semester project, then, is
to provide a broad enough radiofrequency channel bandwidth (BW) that can support
large amounts of data. At the same time, the system designed has a clear compromise
with robustness and versatility to avoid reception problems while being able to adapt to
diverse sets of data.
It is important to consider that the implemented system follows the requirements
the vehicle has at the current stage of the project. Ongoing works propose regularly new
enhancements to the vehicle. The development of basic instructions was carried out but
what was also the focus of the current work was to set a platform on which new features
and functions could be easily added.
1.1 System Overview
Elaborating in the specific challenges this project will face, the telecommunication system
of the ASV can be split physically in two different halves. One refers to the ASV side
where all the electronics take place as well as the programming of the microcontroller.
On the other side, the host computer needs to be set up and an interface application to
control the information flow between both parties shall be designed.
The reader will find a complete high-level layout where all major elements are dis-
played in Fig. 1.2. A printed circuit board or PCB with three microcontrollers is planned
to go on-board of the ASV to manage all the activities of the vehicle. One microcontroller
will act as a master while the other two will be in charge of the operations of a pair
of wheels each. They are interconnected through SPI and I/O channels [2]. These
microcontrollers (by ATMEL) have, at the same time, pins to provide two independent
USART connections where additional devices can be plugged in. One of the USART ports
of the master microcontroller (also called motion controller or motorcoordinator) will be
connected to a RF device (by AMBER Wireless) equipped with a USART interface and
a wireless transmitter-receiver at the 2.4GHz. This device is able to transmit through
one interface what is received from the other. It is important to bear in mind the need
to program all microcontrollers for this system to run as expected.
Amber Wireless provides two different versions of the RF device used in the current
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project. One is an integrated device with accessible pins, called AMB2520 and used to
be connected to the managing board of the vehicle. The other version is called AMB2560
and is absolutely equivalent to the previous one but embedded in a USB format, so that
it can be easily accessible from a computer. The access is done through a Virtual Serial
Port (VSP) driver also provided by the manufacturer. Emulating this serial port grants
full access to the device and the working environment becomes as it would be when
physically connected to the USART port of the ASV. A Matlab application programmed
upon previous works by Josef Cupic was refurbished in order to adapt to this new wireless
environment and deal with this VSP device.
There are some crucial constraints on the development of the project: limited power
supply to the wireless chip, weight and size of the device, communication to the mi-
crocontroller with a USART interface, etc. The selected hardware devices: AMB2520,
AMB2560, ATMEL microcontroller, etc. fulfill these constraints. It is also relevant to
point out programming constraints when it comes to choosing programming platforms to
operate. These features of the implementation will be thoroughly discussed in following
sections.
USART1
INT0
I/O
SPI
USART0
SPI
SPI
USART1
USART1
I/O
I/O
I/O
I/O
I/O
μC
μC
μC
Motorcoordinator
Motorcontrollers
PC USB
AMB
2520
AMB
2520
AMB2560
RF ModuleUSB RF Module
Computer Application
Telecommunication
Channel
Figure 1.2: System Layout.
The rest of this document document is divided in four different parts apart from this
introduction. They represent as many main challenges this project faced. Section 2 ex-
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plains all physical aspects of the project including RF aspects and electronic specification,
description and behaviour of the devices; interconnections, etc. Section 3 elaborates on
the design of the communication protocol and proposes some protocol variants, whose
features will be analysed in detail, evaluating their performances and operational advan-
tages. Some time-measurements are discussed to give insight on efficiency and quality of
the options.
Sections 4 and 5 fully describe all programming aspects of this project. The first
one focuses on a series of programming libraries for the onboard microcontoller, so that
it can deal with the requirements of the project. These libraries were customized from
previous works by both manufacturer source code and Josef Cupic works. Section 5 elab-
orates on the reprogramming of the Matlab application. Finally a summary and outlook
stresses the capabilities that the system will offer and suggests several improvements
that due to the current initial stage of the ASV project could not be implemented.
2 Wireless Communication
The current section is dedicated to the wireless communication. The objective is to
deliver a robust and reliable channel of communication between PC and ASV but at
the same time noting the need of transferring concrete information with the shortest delay.
The documentation where all the electronic devices are presented including all interrela-
tionships between them (i.e. USART Communication Protocol, Schematics of the circuit)
is outlined in this section. Also here the programming method of the Microcontroller via
a JTAG connector will be found.
2.1 Electrical Specifications
A general overview of the system is depicted in Fig. 2.1. It shows the whole hardware
system onboard of the ASV. As it is displayed, the PCB is divided in three parts
corresponding to the three different microcontrollers.
Figure 2.1: ASV board with wireless and JTAG interfaces
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The left one (red section) is the master microcontroller, also called motion controller. The
wireless interface will be connected to the USART interface of this device as this is the
one to manage the main operations of the vehicle. At the same time the motion controller
is connected through SPI to two additional microcontrollers called motor controllers in
charge of the motion of a pair of wheels each.
As for the additional devices noticable in the picture, the top connection interface
is the connector for the JTAG (in yellow), the system used to program the different mi-
crocontrollers. An intermediary protoboard selects the necessary signals to be connected
to the JTAG device and from there to the computer via USB. On the bottom left corner
of the picture the RF device is located in a provisional protoboard until its final location
is decided. It is connected to the USART1 interface and it is supplied by the general
power supply.
The following picture draws all the electrical interconnection involved in the system:
all pins are represented there as well as the main devices that play a role on the sys-
tem. For simplicity and in order to focus on the key elements to this project, only the
JTAG, the main microcontroller and the RF device are sketched. The additional two
motorcontrollers were left aside to simplify the schematics.
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2.1.1 Description of the Devices
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Figure 2.3: ATMEL Microcontroller and relevant pins for JTAG and USARTs
The whole ASV project consists of a board with three ATMEL microcontrollers, one
acting as a master device performing the whole management of the system, including the
control of the other two microcontrollers that control a pair of wheels each (Fig. 2.1).
The ATMEL Microcontrollers selected for the ASV project are the AT91SAM7S256. The
main advantages they feature against other options are versatility and the overall low
power consumption. They are low pincount Flash microcontroller based on the 32-bit
ARM RISC processor. Highly customizable, they include 256 Kbytes of embedded high-
speed Flash memory, 64 Kbytes of SRAM and an integrated SAM-BA Boot Assistant
that will enable in-system programming of the embedded Flash (Sec. 2.2). These devices
also contain SPIs that are going to be used as the communication interface between
microcontrollers [4] and two USART interfaces (USART0, USART1).
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The following picture shows the pinout of the ATMEL microcontroller (Fig. 2.3). Out
of the 64 pins available only pins used in this particular project are specified. Namely,
the ones used to program the device (JTAG) and the ones used to connect to the RF
Module (USART1). Tab. 2.1 lists the use of all relevant pins and its main function.
Pin Name Function
NRST JTAG NRST JTAG Test Reset, Reset Button
TDI JTAG TDI JTAG Test Data Input
TDO JTAG TDO JTAG Test Data Output
TMS JTAG TMS JTAG Test Mode Select
TCK JTAG TCK JTAG Test Clock
PA9 JTAG RX JTAG Debug Receive
PA10 JTAG TX JTAG Debug Transmit
PA21 USART1 RX USART 1 Receive
PA22 USART1 TX USART 1 Transmit
PA23 USART1 CLK USART 1 Clock
PA24 USART1 RTS USART 1 Ready To Send, Handshake Output
PA25 USART1 CTS USART 1 Clear To Send, Handshake Input
Table 2.1: Microcontroller Pinout
Integrated Radio Frequency Module
The IC RF Module used is the AMB 2520 [5], a module manufactured by AMBER
Wireless that consists of 2 alternative interfaces: Wireless and USART. Accessible and
programmable through 19 pins, it implements a half-duplex communication and does
the wireless communication through a low-power RF Transceiver by Texas Instruments
(CC2500).
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Figure 2.4: AMB 2520 Radio Module.
Signal1 Function Connection(if used)
ANTENNA Aditional antenna -
GND Ground USART
VCC Power Supply General Power Supply
UTXD Transmit Output USART
URXD Receive Input USART
/RTS Ready To Send/Receive -
/DATA INDICATE Signals Incoming Data -
/DATA REQUEST Starts Tranmsitting -
/RESET Reset -
/CONFIG Switch Command and Transparent Modes GND
TRX DISABLE Power Supply GND
SLEEP Selection of Low-Power Mode GND
Table 2.2: AMB2520 Pinout
There are two different operating modes, two methods to send information to and from
this device:
Transparent Mode (default after reset): Everything received from one interface is
send straight to the other, e.g. a character is received on the USART interface (in
our case it is generated and transmitted by the microcontroller) and the AMB2520
device sends it through the wireless interface 2.
1Reserved pins are not displayed.
2While sending a character through the wireless interface the device is blocked from sending and receiving
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Command Mode: There is a set of available commands that are sent with an specific
preamble. The commands permit addressing system for multiple devices, changes
in baudrate, frequency used, data format, etc. as well as regular sending.
For simplicity and foreseeing the large amounts of data that are going to be transmitted
at the final stage of the project, the current design uses exclusively the Transparent
Mode. A rising edge on the /CONFIG pin switches from one operating mode to the
other (alternative switching mode procedures on [5]).
Once the decision to opt for a Transparent Operation Mode is taken, the underly-
ing discussion regarding methods how to encapsulate messages is opened. It was already
mentioned that the RF device in this mode receives data from one interface and sends it
to the other. However, there are several alternatives to warn the device that the end of
one piece of information has been reached and the device should proceed to send it on
the other interface. Let us take the case when we are receiving data through the USART
interface and we wish to transmit it to the wireless channel every 110 bytes (our present
implementation).
There are four different methods to tell the device that a packet is finished and is
ready to be sent:
• Transmission starts after a timeout is finished. After every character is received
a timeout starts, if this timeout expires, the buffered information up to that point
is transmitted.
• A falling edge on the /DATA REQUEST pin.
• The end of a packet size is reached (usually 128 bytes). It takes that as the
end of the packet and sends a 128-bytes packet.
• A customizable end-of-text character can be configured to inform the device
that this is the end of this information segment, data after such character proceeds
to transmission.
Choosing the right strategy to finalize and sent messages will have a direct impact on the
efficiency and speed of the protocol. It is, therefore, fundamental to shorten the time after
anything from the USART interface and viceversa, the interfaces are temporal mutually
exclusive.
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every packet given the large amount of information that is expected to be sent or received.
The end-of-packet timing concerns discussed before and the suggested procedure of
information segmentation deployed in this project will be found in Sec. 3. Due to the
large amount of small packets obtained after this process of segmentation, it is signifi-
cantly relevant to minimize the time between packets. With the assistance of the timer
counter library of the ATMEL microcontroller, a limited timeout is enforced after every
segmented packet (Sec. 4.2).
Power Consumption in the AMB2520
Power consumption of the board is a crucial aspect on the ASV given its solar na-
ture. Since the wireless device is going to be supplied from the board, a thorough look
to power behaviour is considered necessary. This particular device can operate in four
battery powered operation modes (Tab. 2.3) that are selected through two different pins:
TRX DISABLE and SLEEP. Values of power consumption while wireless operation are:
21mA when TX, 25mA when RX [6].
Currently, an efficient solution is to avoid implementing additional pins for power
consumption control, therefore, implicitly using the Active Mode. Enabling new pins
would force two new changes, the microcontroller programming and the physical design
of the board. Should the time come where the scarcety of power becomes a problem, a
reconsideration of the current design is encouraged. The habilitation of those pins to
select the most accurate mode of operation could reduce the overall power consumption
of the wireless system.
TRX DISABLE low TRX DISABLE high
SLEEP low Active mode, wireless and UART com-
munication possible
Stand-by, only UART communication
possible
SLEEP high WOR mode, module wakes up and is
ready to receive
Sleep mode, neither UART nor wireless
communication possible
Table 2.3: Battery Powered Operation Modes
Active Mode: In this operating state, the module is permanently ready to receive and
forward data via UART or wireless transmission. The module will only switch to
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one of the other power-saving modes after processing any pending data transmission,
i.e. /RTS must be low.
Stand-by Mode: In this operating state, the module’s transceiver is disabled. Wireless
reception is not possible, but transmission of data is possible.
WOR Mode: The module automatically wakes up at configurable intervals and remains
ready to receive for a certain period of time (this time is customizable). In this
connection, refer to the parameters WOR Prescaler, WOR Countdown, and WOR
RXOnTime on the command mode on [5].
Sleep Mode: This is the module state with the lowest power consumption. Wireless
and UART communication are not possible. The module switches to one of the
other operating modes when it detects a falling edge on the SLEEP pin.
USB Radio Frequency Module
The AMB2560 is homologous to AMB2520 but instead of being an integrated circuit with
accessible pins, it is encapsulated with a USB connector in order to increase connectivity
to the computer. Through a Silabs chip (CP210x), a Virtual Serial Port is created able to
simulate a COM Port interface, which makes it accessible from the computer with a regu-
lar terminal program such as HTERM or in the present case a Matlab application (Sec. 5).
By default this device uses the DTR (Data Terminal Ready) signal to manage flow
control. However, AMBER Wireless provides of a way of deactivating this signal by just
desoldering one resistance. Both the HTERM application and the Matlab application
behave towards an incoming USART connection without the use of this Data Terminal
Ready method. For this reason, in the present case the resistance is desoldered so that
compatibilty problems are avoided.
Figure 2.5: AMB 2560 Radio Module.
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2.1.2 USART Communication Interface
In order to increase interoperability with other devices, a six-wire bus with its subsequent
six-pin connectors was designed to connect the AMB2520 to other platforms. In the
present case the USART interface will be connected to the ASV board. Given that the
wireless device was going to be attached to a protoboard, connecting its relevant pins to
a connector (Tab. 2.5) would simplify the task of testing and connecting it to any other
device or system.
There is a certain default setup for both AMB2520 and AMB2560. They can oper-
ate up to a baudrate of 128000 but the amount of data that is expected to be sent
is well below this capacity, therefore increasing the baudrate from 38400 to 128000
would not increase the performance. The final consideration then, is to program the
USART interface to operate at the same baudrate as the device given that changing the
baudrate on the devices would require a setup before the communication starts with the
subsequent use of extra pins of the microcontroller that, otherwise, will be available for
other non-avoidable tasks3.
Baudrate No. Data Bits No. Stop Bits Parity CTS
38400 8 1 None Off
Table 2.4: USART Data Format
The six signals that the bus holds are: CLK, GND, TX, RX, CTS and RTS4. The power
of the device is going to be taken provisionally from pins of the main power supply until
the complete project is able to allocate the integrated device in an specific location (for a
complete specification of the energy management refer to [7]).
3Refer to the Summary and Outlook section for a further explanation on how to proceed when enabling
new programming pins to include new features.
4As mentioned before to keep simplicity on the system, as the wireless channel the USART Interface
will not implement control flow because at the current stage it is not strictly necessary.
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Pin Signal Function
1 2
5 6
3 4
1 CLK clock
2 GND ground
3 TX transmit output
4 RTS request to send output
5 CTS clear to send input
6 RX receive input
Table 2.5: USART Interface
1  CLK
2  GND
4  RTS
5  CTS
6  RX
3  TX
CLK  1
GND  2
RTS  4
CTS  5
RX  6
TX  3
Figure 2.6: USART Cross Cable.
2.2 JTAG to Program the Microcontroller
The main Microcontroller needs to be programmed with a source code capable of
responding to the different instructions that will be sent from the computer. There are
several tools involved in the process of modifying the flash memory of the microcontroller
to be able to run a program. Eclipse working together with the ARM GNU toolchain
Yagarto provides a platform to use C programming language with the microcontroller.
After the C application is fully designed there are a series of interfaces to record the
program on the device: a USB cable connects the computer with an Amontec JTAG
key which at the same time is connected to the relevant signals on the microcontroller
(Tab. 2.1).
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Pin Signal Function
1 2
9 10
7 8
5 6
3 4
1 TCK test clock
2 DRXD debug receive
3 TMS test mode select
4 DTXD debug transmit
5 TDI test data input
6 VREF reference voltage
7 TDO test data output
8 GND ground
9 NRST reset
10 N.C. not connected
Table 2.6: JTAG Interface
2.3 Radiofrequency Specification
The device in charge of the RF communication is the Texas Instruments CC2500 ([8])
integrated into the AMB2520. This device uses the Minimum-shift Keying Modulation
(MSK), a type of continuous-phase frequency-shift keying digital modulation [9]. There
are 166 channels available (from 0 to 165) in the frequency range from 2400MHz to
2483.5MHz. Channels are spaced 500KHz following For. 2.1.
Fc[MHz] = 2400.5 +Nchannel · 0.500 (2.1)
This device presents an electromagnetic limitation that forces users to avoid certain
RFchannels. The manufacturer suggests the avoidance of channels following For. 2.2
due to its reduced range. That means that one of every 26 channels is not available.
Fc[MHz] = 2405 +Nchannel · 13 (2.2)
Other features of this RF device are the high sensitivity (-104dBm only 1% packet error
rate) and a top data rate of 250kbps. This transmission rate figure is significantly lower
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than the empirical results obtained and discussed in further detail in section 3.
The AMB2520 can be implemented in a network of up to 255 nodes using the ad-
dressing system in the command mode. In this project not addressing mode is needed
since the communication is limited to two elements.

3 Communication Protocol
The main purpose of fully developing and implementing a communication protocol is to
gain robustness against adverse environments with interferences. Other issues such as
versatility, reliability, efficiency and effectiveness have also been considered.
3.1 Introduction to the Communication Protocol
This whole project responds to the idea of establishing a communication channel be-
tween two parties. From the one side the vehicle will receive instructions and send
measurements over the wireless communication channel. On the other side, a remote PC
will be the one to transmit certain instructions and process the obtained data from the
ASV. Only enabling the communications channels has proven to be insufficient given
the different problems the system may encounter (e.g. loss of information, delay, etc.).
For this reason it was found inevitable to design a protocol to cope with any eventual
problem the system may face.
The protocol structures the information to be sent over the wireless link in packets, fol-
lowing diverse communication protocol standards. This packets will contain the relevant
information (payload) plus a header (overhead). The latter is specifically designed to
include fields such as length of packet or preamble to aid the communication protocol
operate correctly. As it has been developed, the protocol distinguishes three types of
packets with their subsequent individual packet structures: Command Messages, Protocol
Messages (Acknowledgement Messages) and Data Messages.
Header (Overhead) Data (Payload)
Table 3.1: Protocol Packet Structure
Using the Command Mode discussed in Sec. 2.1.1 would intrinsically implement a protocol
header. Compared to the incumbent Transparent Mode, it adds irrelevant overhead for
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the correct use of the protocol (e.g. addressing systems, etc.). Developing a customized
header becomes a much more interesting solution because only relevant information is
included. Adding headers to the communication protocol decreases its efficiency following
the formula defined below (see [10] for a detailed description on protocol efficiency), for
that reason selecting the data to be included in the header remains crucial.
η =
Data
Data+Overhead
(3.1)
3.2 Packet Formatting and Packet Segmentation
The proposed protocol (inspired on the capabilities of the RS-232 [11]) uses a generic
structure for any type of messages consisting of the following fields: Preamble of ‘0xAA’
‘0xAA’ ‘0x55’ (controlled by a timeout) + Length + Identifier of the type of message +
Information dependent on the type.
3.2.1 Command Message
The first type of message described is the so-called Command Message. It is used to send
instructions to the ASV or to the computer, at the current stage it implements a set of
instructions initiated by J. Cupic and S. Boegli and specified on Tab. 4.1 of the present
document.
Preamble Length Command Slave Qualifier
0xAA 0xAA 0x55 X {s, l, m, x} X X
Table 3.2: Format for Control Messages
Preamble (3 bytes): Three-byte preamble with the sequence ‘0xAA’ ‘0xAA’ ‘0x55’.
These specific values are required in order to get the maximum amount of transitions
between binary low level (0) and high level (1). As a result the sequences ‘0b10101010’
‘0b10101010’ ‘0b01010101’ are obtained.
Length (1 byte): Field designated to define the length of the packet starting from the
next character received after the length field (e.g. for Control messages the field would
be 3 or ‘0x03’ in hexadecimal).
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Command (1 byte): A command or instruction out of the specified ones shall be
selected.
Slave (1 bytes): Selection of which of the two motorcontrollers (slave microcon-
trollers) shall run the operation.
Qualifier (1 bytes): Field to set a particular parameter of the instruction (e.g. in the
case of the operation aˆSet a reference torqueaˆ this would represent the precise torque
used1).
3.2.2 Data Message. Segmentation
Previous works by J. Cupic designed the set of measurements on the ASV to fit in a
56,032 byte-packet (hereinafter called megapacket). This arbitrary megapacket size was
due to the preexisting reliable wired USART communication interface where the limiting
factor was the RAM memory capacity available in the microprocessor.
The new wireless solution restricts the packet size even more. The longest packet
size affordable by the wireless devices (hereinafter called RF packet) cannot exceed 110
characters, significantly under the 56,032 bytes of the megapackets. What is the objective
of the present semester project is to adapt to the preexisting size of the data implementing
an intermediate communication layer to cope with the limitations on the wireless devices.
The strategy followed was to develop a system of megapacket segmentation in order not
to overflow the memory of the RF devices.
The header of every RF packet has a length of up to 7 bytes (preamble + options). To
maintain structure and simplify the calculation the maximum payload of a RF packet
is going to be set to 100. This will give a total amount of 561 RF packets for every
megapacket2.
The following two tables show how the different variants of data messages would
be structured.
1The instruction aˆSet a reference torqueaˆ is not implemented in this particular wireless environment
but it is implemented in S. Boegli works. The sole purpose of mentioning it here is to clarify the use
of this header field.
2The length of all packets in a segmentation will be 100 bytes except fot the last. This very last packet
will be 32 bytes long due to the remaining bytes on a segmentation (56,032 = 560 x 100 + 32).
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Preamble Length Command
# Total
Packet
Data
0xAA 0xAA 0x55 X d XX XXXXXXXX
Table 3.3: Format for Data Messages (First message)
Preamble Length Command
No. Curr.
Packet
Data
0xAA 0xAA 0x55 X d XX XXXXXXXX
Table 3.4: Format for Data Messages (Except first message)
# Total Packet (2 bytes): The first packet of a segmentation sequence will provide
the total number of packets to be expected. Two bytes are necessary in order to be able
to codify a number up to 561 (maximum).
No. Curr. Packet (2 bytes): Starting with the second packet of the series, the
number of the current packet is the number provided by this field (e.g. for the second
packet this field is ‘0x02’).
Data (up to 100 bytes): Data of current segment to be sent. The data sent from
the ASV is packed in numbers of 32 bits (4 bytes) therefore the length of the field will
always be a multiple of 4.
3.2.3 ACK/NACK Messages. Stop-and-Wait ARQ architecture
The definitive release of the communication protocol acknowledges every packet in both
directions. When a packet is received, the receiver sends an acknowledgment packet
(ACK) to the sender so that it knows the packet has been delievered properly. On the
contrary, on an unsuccessful transmission a not-acknowledgment packet (NACK) is
sent. When a NACK is received, the system retransmits the last packet sent until it is
acknowledged. This procedure guarantees that every single packet has been received
correctly.
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Preamble Length Command Packets to Retransmit3
0xAA 0xAA 0x55 X {ACK, NACK} XXX
Table 3.5: Format for ACK/NACK Messages
Command (1 byte): ACK or NACK following the ASCII codification ACK = 6, NAK
= 15.
Even though acknowledging every packet could seem to be running against the protocol
efficiency and adding too much overhead, this method has proven to be an effective way
of sending information. No Error-Control systems mean that no packet is acknowledged,
therefore a loss of a packet is not realized by any part of the system.
3.2.4 Protocol Handshake
Previously the way how to respond to lost or corrupted messages has been described. The
following pictures represent both sides of the communication and how do they respond
to the different inconveniences in the communication. On the left side an example on
how the onboard system responds to a corrupted message is depicted. After checking the
general integrity of the protocol header (i.e. the number of header fields correspond to
the expectations) the ASV microcontroller asks for retransmission. On the right side the
n-th packet of a segmentation is lost and, after a timeout, the remote computer requests
the n-th packet again.
3.3 Protocol Timing Measurements
The goal of this particular section is to quantify the loss in time when aiming to guarantee
integrity of packet transmission through Stop-and-Wait protocol. It has been tested, to
compare the different systems, the amount of time spent to send a megapacket. In order
to cope with the limitations of the wireless system a packet has to be segmented, sent over
the wireless and remerged on destination. The three bars sketched in Fig. 3.2 represent
the total amount of time (in seconds) a megapacket would take from destination to
arrival in three alternative situations:
3Only if NACK and reply to packet segmentation.
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Figure 3.1: Protocol Handshake. Left for single command / Right for segmented packet
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• Plain transmission time without Matlab processing and remerging and with no
error-control;
• using the matlab application presented in section 5, that is merging packets upon
arrival but without error-control;
• the incumbent Stop-and-Wait system.
With the definitive implementation, it can be asserted that the processing packets through
the Matlab application takes approximately 70 seconds increasing from 40 seconds of
a plain transmission to 110 seconds using Matlab processing. When we add the error-
control feature the total time is only increased by 10 seconds. It can be concluded that
adding the feature of acknowledging packets only increases around 10% the transmission
time of a megapacket but adds a fundamental feature to ensure reliable communications.
Figure 3.2: Time measurements for the transmission of a megapacket
3.3.1 Timing Considerations and Training Sequence
The implementation has shown that the USB RF device (AMB2560) does not behave as
fast as expected in terms of response to a new message. Empirical tests on the system
have proofed that on around 2-3% of the test messages’ first character were lost, of all
tests done in the laboratory it has not been reported any single problem with the rest of
the message4. It is also relevant the property of half-duplex communication for the RF
devices which means that there might exist the case where one device is trying to send
information and is receiving at the same time thus losing the incoming packet.
To overcome this delay in the response timing to a new message the protocol is designed to
4The conditions of the experiments are: clear view among RF Devices, 0,5 to 1 meter distance, only a
computer and fluorescent lamps as electronic RF emitting devices in the surroundings.
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respond accurately to a ‘0xAA’ ‘0xAA’ ‘0x55’ (original one) and ‘0xAA’ ‘0x55’. Therefore
using the preamble also as a training sequence (Fig. 3.3).
3.4 Flow Chart Communication Protocol
The following flow chart illustrates the general operation of the communication protocol.
When expecting to receive a packet, both the microcontroller and the PC are stuck on
an infinite loop. They record the next character received in the length field variable after
receiving one or two ‘0xAA’ and a ‘0x55’ (the preamble). After reading the length of the
packet, one of the three types of messages will be selected: ‘‘Data Packet’’, in which case
a ‘d’ will be received as first character; ‘‘Command Packet’’, where the first character
should be one of the pre-programmed functions; or an ‘‘ACK / NACK message’’ where
the first character is the ASCII code for one of the two options.
The microcontroller or the PC will keep receiveing data depending on what was stored
as the length of the packet. A timeout counter is restarting everytime a character is
received, if it takes excessive time between chars, the procedure will be dropped and the
device generate a NACK message while returning to the infinite loop.
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Figure 3.3: Protocol Flow Chart

4 Onboard Telecommunication
Interface
The development of the current project and the relevance of the embedded programming
of the ATMEL microcontroller made necessary to include this section where several
libraries are going to be detailed. Several tools are involved in the process of programming
the ATMEL microcontroller, with these tools the device is programmable under the C
programming language. Most of files involved in the programming are provided by the
manufacturer. For this reason, only libraries customized for this particular project are
presented in this report. For a complete reference on the rest of the fundamental libraries
refer to existing documentation [7].
Three source code files with their respective header files were modified in order to
adapt to the needs of this particular wireless solution. The main file of the program as
well as two additional libraries: the timer library (tc.c, tc.h) and the USART1 library
(usart1.c, usart1.h) contain the core implementation.
The appendix of this report presents relevant sections of source code of these libraries,
so the reader can find a deeper insight on how this project has proceed to overcome the
programming challenges it faced. The following section present a summary of the edited
libraries, highlighting relevant issues.
4.1 Main file
The main.c file controls the initialization of all processes in the microcontroller. Setting
up the environment initialises all libraries and interfaces used in the implementation.
Following source code order, the libraries initialized are: interrupts (IRQ), programmed
input/output (PIO), onboard leds, timer counter (TC), memory controller (MC). After
sending a starting message to USART1, the code enters an endless loop where the value
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of the global variable command is evaluated regularly. At current stage of the global
ASV project only four instructions were implemented to deal with the basic functional
operations of the vehicle following table 4.1. The value of the global variable command
is modified in the USART1 library that processes all the data received.
Code Command
s Start Motorcontrol
x Stop Motorcontrol
l Starts a Cyclic Data Collect
m Transmit Mega-Packet with measurements
Table 4.1: Implemented Commands
4.2 Timer Counter Library
Initialized in the main file, the timer counter is the library in charge of timing issues.
The main file runs on an endless loop waiting for new instructions. In the majority of the
situations timing issues are negligible since most of the operations can be programmed
as asynchronous, triggered upon request. However, there are particular timing needs
where the control of relative times is crucial (no absolute times are needed in the current
solution).
The timer counters implement a cyclic 16-bit counter (range of values: hexadecimal
[0x0000 - 0xFFFF] / decimal [0 - 65,535]) where the frequency of operation is customiz-
able following table 4.2. The ATMEL microcontroller implements three independent
and equivalent counters named TC0, TC1 and TC2. They are accessible from any
section of the code using the function TC Get Value(0x00), TC Get Value(0x01) and
TC Get Value(0x02).
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Name Definition Period1
TIMER CLOCK1 MCK/2 2.37 ms
TIMER CLOCK2 MCK/8 9.48 ms
TIMER CLOCK3 MCK/32 37.92 ms
TIMER CLOCK4 MCK/128 151.70 ms
TIMER CLOCK5 MCK/1024 1.21 s
Table 4.2: Timer Counter Clock Assignment
The current code only needs and thus enables the first timer counter. The value of this
timer is needed for two main purposes, first the frequency of the blinking leds on the
board and second the timeout that needs to be respected after every message (refer to
the Radio Frequency Module in section 2.1.1).
After several tests it was found suitable to use the TIMER CLOCK3. As stated
before at the end of every packet a time without sending shall be ensured. One complete
cycle with this period fulfill this timing requirements.
Figure 4.1: Waveform of the timer counter.
The following section of code taken from usart1.c exemplifies the correct use of the timer.
Since this piece of code is located in an infinite loop, the frequency at which we check
TC values is faster than the actual changing rate of these values, that is, values in the
time counter change slower than they are checked.
1The current value of MCK -Main Clock- is 55MHz, period of 18.08ns according to the file lowlevel.h
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Four loops ensuring that two timer counter cycles are completed are necessary. Only one
cycle would be enough to fulfill timing requirements at the end of a packet, the second
cycle regards to timing demands of the Matlab application (Sec. 5). The execution of
the host PC application is not fast enough to manage the flow of data received and with
just one cycle the application do not have time to process all packets in a segmentation
and the USART buffer is overflowed, thus making unavoidable to use an additional time
to ensure that no data is lost.
case 0: //PREAMBLE 1
timer = TC_Get_Value(0x00); // Forcing 1 second between packets
while(timer==TC_Get_Value(0x00)){}
while(timer!=TC_Get_Value(0x00)){} // End of timeout 1 (1st TC cycle)
while(timer==TC_Get_Value(0x00)){}
while(timer!=TC_Get_Value(0x00)){} // End of timeout 2 (2nd TC cycle)
USART1_pUS1->US_THR = 0xAA; // Start sending packet
predata++;
break;
4.3 USART Library
Section 3 proposes the communication protocol suitable for the needs of the project. After
thorough consideration of the possibilities to implement it, it was been found suitable
to implement a state machine into the USART library so that every character received
becomes an input to the state machine.
The state machine is more concretely implemented in the piece of code managing
interruptions because of its fast responsiveness. The code for interruptions (function
USART1 ISR) is split in two section one for the transmission and one for the reception.
The behaviour of both sections is quite similar in terms of states to be implemented.
Using code floodgates after one state is reached and its instructions are executed the
variable enabling the access to that state (called waitstate) is set to ‘0’ and the variable
enabling the following state is set to ‘1’. The states correspond to all the different fields
specified in the message structure (e.g. for a segmented packet every field of table 3.3
has its own state).
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Preamble
Length
Command
SlaveQualier
waitpre=0;
waitlength=1;
waitlength=0;
waitcommand=1;
waitcommand=0;
waitslave=1;
waitslave=0;
waitqualier=1;
waitqualier=1;
waitpre=0;
Figure 4.2: Diagram of the interrupt state machine
An example on how to implement a floodgate for the field length follows, consider
that the following field expected is the command field.
// STATE: LENGTH
else if(waitlength==1){
length = USART1_pUS1->US_RHR;
waitlength=0;
waitcommand=1;
}

5 Host Computer Software
The last chapter of this report is focused on the PC application that is going to run the
communication protocol described in Sec. 3 and how the use of the CP2102 USB-to-
USART driver becomes an essential element for this interface.
5.1 Silicon Labs Driver
Fig. 2.5 shows the AMB 2560 that consists of a AMB 2520 and a CP2102 Silicon Labs
chip (left black chip on the figure) able to emulate a communications port virtually.
The CP2102 is a highly-integrated USB-to-UART bridge controller providing a simple
solution for updating RS-232 designs to USB using a minimum of components and PCB
space. Emulation will make it accessible from a USB as if it was a real USART so
enabling the possibility of changing parameters in the communication as well as being
able to capture the characters received through a regular USART programming library.
5.2 Computer Application
With the objective of fulfilling the requirements of the protocol there has to be an
application that interacts with the USB RF device to extract the data from it, check
the preamble and other fields and in case of previously segmented data eventually merge it.
For the first steps a regular terminal program was enough to test the protocol, but when
testing the complete protocol, a Matlab computer language substituted it due to the fact
that all later calculations and plot drawings with the data receive were done with this
same program. The main idea was to use the standard Matlab USART library (given
that the SiLabs chip takes care of the emulation of the Virtual Com Port), successfully
open the port and receive the information. The information stored in a file called ‘data’
in the order specified by the field No. Curr. Packet in every packet of the segmentation.
Substracting the data from that file made possible to process, plot and analyze the data
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the ASV transferred.
The proposed implementation tries to be as respectful as possible manipulating the
pre-existing interface hence building an additional communications layer between the
USB device and the computer, so that the previous Matlab application designed for the
same purpose is still suitable.
Figure 5.1: Matlab application GUI screenshot
As it can be observed on Fig. 5.1, the user has the option to select the alternative
parameters of the USART connection (e.g. Baudrate, Stop Bits, etc.) and then selects
‘‘Open Port’’. Starting from this point the program is fully connected to the USB device
and will receive everything coming from it. The GUI shows a log where all the messages
are recorded preceded with ‘‘RX:’’ for received and with ‘‘TX:’’ for sent. The main
program takes care of the protocol not showing the preambles and overhead. The current
screenshot shows as well the last part of a segmentation packet. When it comes to
the end of a Mega-packet transmission the program automatically opens a new window
selected plots for measurement are displayed (Fig. 5.2).
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Figure 5.2: Matlab measurement plots window

6 Summary and Outlook
After months of work this particular semester project has successfully meet the require-
ments envisaged at the beginning. An integral low-power wireless telecommunication
system has been designed. Eventually the parts included were: the electronic system
design, the communication protocol, the microcontroller programming and finally a
Matlab application development. They matched toghether to fullfill all the project
requirements.
It is relevant to consider the current status of the Autonomous Solar Vehicle project,
where still major works are being realized. For that reason, and as part of a major
compromise with the global project the principles of simplicity and versatility have been
kept at all time. Simplicity to provide an understandable environment in which to work
and versatility to easily enable the possibility to carry out future enhancements in the
current system.
It is yet to be decided where the RF-Device, core of study in this project, is going
to be physically settled on the final implementation of the car. The final location of
power supply pins as well as the rest of the USART interface pins are also to be cleared.
For that reason it has been found of interest to outline some enhancements that could
be implemented in the future at a more advanced stage of the project.
Once the final point of the general ASV project has been reached there are some
consideration to outline for future works. As a design decision Matlab was found to be
the most suitable interface to process data and interact with the ASV, however, Matlab
slows down a lot of computed processing of data. For example in the case of sending
segmented packets additional timeouts between packets needed to be introduced to
negotiate with the slowness of the application. One option, although not recommended
due to the amount of work of changing the complete interface, would be to switch to a
more dynamic application developed on a compiled language such as C++.
43
Chapter 6. Summary and Outlook 44
Some ideas and improvements over the use of additional pins on the device are also
relevant. The use of selected pins would draw new scenarios with enhanced features. Let
us take the goal of increasing the capacity of the channel. Even though it has proven
to be a broad enough channel we might need additional capacity in the future. Several
options are possible but the most interesting one is to increase the baudrate of the device.
Going back to section 2.1.1, the descripition of the AMB2520 pointed out the capacity
to work in Transparent Mode and Command Mode. The Command Mode (accessed
after an edge on /CONFIG pin) is the one in charge of setting up the device and there-
fore changes in baudrates, preambles, addressing modes, etc. need to be customized there.
Finally, it would also be interesting to be able to access the TRX DISABLE and
SLEEP pins to switch between different operating modes, so that when it is clear that
no information must be sent or received switching to a low power consumption mode 2.3
would decrease the overall power consumption.
Nomenclature
Greek Alphabet
η Efficiency of a Protocol
Roman Alphabet
Fc Central Frequency
Computational Symbols
0bXXXXXXXX Byte Codified In Binary
0xNN Byte Codified In Hexadecimal
General
AMB Amber-Wireless
ARM Advanced RISC Machine
ASV Autonomous Solar Vehicle
BW Bandwidth
DTR Data Terminal Ready
ETH Swiss Federal Institute of Technology
GUI Graphic User Interface
IC Integrated Circuit
IFA Automatic Control Laboratory at ETH Zurich
JTAG Joint Test Action Group
MSK Minimum-Shift Keying
OSI Open Systems Interconnection
SPI Serial Peripheral Interface Bus
RISC Reduced Instruction Set Computer
RS-232 Recommended Standard 232
USART Universal Asynchronous Transmitter Receiver
USB Universal Serial Bus
WOR Wake On Radio
45

List of Figures
1.1 ASV Image. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.2 System Layout. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1 ASV board with wireless and JTAG interfaces . . . . . . . . . . . . . . . 11
2.2 Global Connection Schematics . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3 ATMEL Microcontroller and relevant pins for JTAG and USARTs . . . 14
2.4 AMB 2520 Radio Module. . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.5 AMB 2560 Radio Module. . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.6 USART Cross Cable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1 Protocol Handshake. Left for single command / Right for segmented packet 30
3.2 Time measurements for the transmission of a megapacket . . . . . . . . . 31
3.3 Protocol Flow Chart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.1 Waveform of the timer counter. . . . . . . . . . . . . . . . . . . . . . . . 37
4.2 Diagram of the interrupt state machine . . . . . . . . . . . . . . . . . . . 39
5.1 Matlab application GUI screenshot . . . . . . . . . . . . . . . . . . . . . 42
5.2 Matlab measurement plots window . . . . . . . . . . . . . . . . . . . . . 43
47

List of Tables
2.1 Microcontroller Pinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.2 AMB2520 Pinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3 Battery Powered Operation Modes . . . . . . . . . . . . . . . . . . . . . 18
2.4 USART Data Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.5 USART Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.6 JTAG Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.1 Protocol Packet Structure . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2 Format for Control Messages . . . . . . . . . . . . . . . . . . . . . . . . 26
3.3 Format for Data Messages (First message) . . . . . . . . . . . . . . . . . 28
3.4 Format for Data Messages (Except first message) . . . . . . . . . . . . . 28
3.5 Format for ACK/NACK Messages . . . . . . . . . . . . . . . . . . . . . 29
4.1 Implemented Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
4.2 Timer Counter Clock Assignment . . . . . . . . . . . . . . . . . . . . . . 37
49

Bibliography
[1] C. Elminger, ‘‘Construction of an autonomous solar vehicle.’’ 2008.
[2] J. Cupic, ‘‘Design of the power train for an autonomous solar vehicle.’’ 2008.
[3] F. Jonasch, ‘‘Energy management for an autonomous solar vehicle.’’ 2008.
[4] S. Boegli, ‘‘Motion control of an autonomous solar vehicle: Realization of a commu-
nications platform.’’ 2009.
[5] AMBER Wireless GmbH, Manual for AMB8420 and AMB2520, 2008.
[6] AMBER Wireless GmbH, Data Sheet AMB2520, 2009.
[7] J. Cupic, ‘‘Energy management for an autonomous solar vehicle.’’ 2009.
[8] Texas Instruments Inc., Data Sheet CC2500, 2009.
[9] S. Pasupathy, ‘‘Minimum shift keying: A spectrally efficient modulation,’’ IEEE
Communications Magazine, 1979.
[10] W. Stallings, Data and Computer Communications. Upper Saddle River: Pearson
Education International.
[11] E. I. Association, ‘‘EIA Standard RS-232-C Interface Between Data Terminal Equip-
ment and Data Communication Equipment Employing Serial Data Interchange,’’
Electronics Industries Association, 1969.
[12] R. A. Comroe and D. J. Costello, ‘‘ARQ Schemes for Data Transmission in Mobile
Radio Systems,’’ IEEE Journal on selected areas in communications, 1984.
51

Appendix A. Microcontroller Source
Code
.1 main.c
#include "main.h"
void TC0_ISR(void);
#define MAIN_IREF_MAX ((short)(1.4 / MC_I_PU * MC_BASE))
#define MAIN_IREF_DELTA ((short)(0.1 / MC_I_PU * MC_BASE))
#define MAIN_IREF_INIT ((short)(0.4 / MC_I_PU * MC_BASE))
#ifdef MC_EXTENDED
#define MAIN_WREF_MAX ((short)(0.40 * MC_BASE))
#define MAIN_WREF_DELTA ((short)(0.05 * MC_BASE))
#define MAIN_WREF_INIT ((short)(0.10 * MC_BASE))
#endif //MC_EXTENDED
volatile char command;
volatile unsigned int TxPack=0; //Transmitted Packet
unsigned int FiqCount = 0; // global variable used in crt.s
unsigned int* data;
unsigned short length;
unsigned short cmd;
short iref_dq[2];
#ifdef MC_EXTENDED
short wref;
#endif //MC_EXTENDED
int main (void)
{
LOWLEVEL_Init(); // do some low level intialization
LOWLEVEL_EnableIRQ(); // enable interrupts globally
LOWLEVEL_Enable_PIO(); // enable the PIO
UI_Init(); // intialize LEDs
UI_Led1_On(); // turn on LED1
UI_Led2_Off(); // turn off LED2
TC_Init(TC_TC0, (unsigned int) TC0_ISR); // initalize TimerCounter0
TC_Start(TC_TC0); // reset and dtart timerCounter0
MC_Init(); // intialize Motorcontrol
iref_dq[0] = 0;
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iref_dq[1] = MAIN_IREF_INIT;
MC_Set_Iref((short int*)iref_dq); // set initial torque reference
#ifdef MC_EXTENDED
wref = MAIN_WREF_INIT;
MC_Set_Wref(wref); // set initial speed reference
#endif //MC_EXTENDED
#ifdef MC_COLLECT_DATA
DATA_Set_Collect_Dataset(DATA_COLLECT_DATASET_MEAS);
#endif //MC_COLLECT_DATA
USART1_Init(); // intialize USART1
USART1_Transmit_String("Reset"); // transmit welcome greetings
USART1_Transmit_Char(USART1_TRANSMIT_LINEFEED);
while (1)
{
switch(command){
case ‘s’ :
USART1_Transmit_Char(6);
MC_Start(); // Start Motorcontrol
command=‘r’ ;
break;
case ‘x’ :
USART1_Transmit_Char(6);
MC_Stop(); // Stop Motorcontrol
command=‘r’ ;
break;
case ‘l’ : // Starts a Cyclic Data Collect
USART1_Transmit_Char(6);
DATA_Set_Mode(MC_COLLECT_DATA_MODE_SINGLE);
command=‘r’ ;
break;
case ‘m’ :
USART1_Transmit_Char(6);
USART1_Transmit_Array(DATA_Read(), 25);
TxPack=1;
command=‘r’ ;
break;
case 6: //ACK
if(TxPack!=0 && TxPack!=560){
USART1_Transmit_Array(DATA_Read()+ 25*TxPack, 25);
TxPack++;
}
else if(TxPack==560){
USART1_Transmit_Array(DATA_Read()+ 25*TxPack, 8);
TxPack=0;
}
command=‘r’ ;
55 .2. main.h
break;
case 21: //NACK
if(TxPack!=0)
USART1_Transmit_Array(DATA_Read()+ 25*TxPack, 25);
command=‘r’ ;
break;
case ‘?’ :
USART1_Transmit_String("State ");
USART1_Transmit_String(MC_Get_State_String());
USART1_Transmit_Char(USART1_TRANSMIT_LINEFEED);
USART1_Transmit_String("Error ");
USART1_Transmit_String(MC_Get_Error_String());
USART1_Transmit_Char(USART1_TRANSMIT_LINEFEED);
#ifdef MC_EXTENDED
USART1_Transmit_String("Ref Type ");
USART1_Transmit_String(MC_Get_Ref_Type_String());
USART1_Transmit_Char(USART1_TRANSMIT_LINEFEED);
USART1_Transmit_String("Control ");
USART1_Transmit_String(MC_Get_Control_String());
USART1_Transmit_Char(USART1_TRANSMIT_LINEFEED);
#endif // MC_EXTENDED
#ifdef MC_COLLECT_DATA
USART1_Transmit_String("Dataset ");
USART1_Transmit_String(DATA_Get_Collect_Dataset_String());
USART1_Transmit_Char(USART1_TRANSMIT_LINEFEED);
#endif //MC_COLLECT_DATA
command=‘r’ ;
break;
default:
break;
}
}
}
void TC0_ISR(void)
{
AT91PS_TC pTC0; // pointer to TC0 data structure
unsigned int tcsr; // read and clear TC interrupt register
pTC0 = AT91C_BASE_TC0; // pointer to TC0 data structure
tcsr = pTC0->TC_SR; // read and clear TC interrupt register
UI_Led1_Toggle(); // toggle LED1
}
.2 main.h
#ifndef MAIN_H
#define MAIN_H
#include "AT91SAM7S256.h"
#include "lowlevel.h"
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#include "mc.h"
#include "ui.h"
#include "usart1.h"
#include "tc.h"
#include "data.h"
extern volatile char command;
extern volatile unsigned int TxPack;
#endif /* MAIN_H */
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.3 usart1.c
/*************************************************************************
usart1.h, usart1.c
Desription:
This module offers functions to intialize and use the USART1 interface.
The functions use the USART1 ISR to enable transmission and reception
without polling. Since the USART has only a single byte hardware buffer
a software based buffer with variable size has been implemented. Received
data is stored in the buffer until it is readed by the application. Buffer
overflows are not handled. In the same manner the transmitt buffer enables
the application to write more than one byte simultaneously. An additional
function allows transmission of a data array.
The following transmission setup is currently used:
BaudRate: 9600 / 56000 / 115200 / 128000 ....
DataBits: 8
StoppBits: 1
ParityBit: Even
BitOrder: least significant bit first
Handshake, FlowControl: not yet implemented
**************************************************************************/
#include "usart1.h"
void USART1_ISR(void); // ISR function prototype
volatile AT91PS_PMC USART1_pPMC = AT91C_BASE_PMC;
// pointer to PMC data structure
volatile AT91PS_PIO USART1_pPIO = AT91C_BASE_PIOA;
// pointer to PIO data structure
volatile AT91PS_AIC USART1_pAIC = AT91C_BASE_AIC;
// pointer to AIC data structure
volatile AT91PS_USART USART1_pUS1 = AT91C_BASE_US1;
// pointer to USART1 data structure
#define USART1_TRANSMITT_BUFFER_LENGTH 1024 //128
// variable size of the transmitt buffer, for performance reason use multiples of 2
volatile char USART1_transmit_buffer[USART1_TRANSMITT_BUFFER_LENGTH];
// transmitt buffer array
volatile unsigned int USART1_transmit_buffer_write_pos;
// position of the next free byte whitin the buffer array
volatile unsigned int USART1_transmit_buffer_read_pos;
// position of the next byte to transmitt whitin the buffer array
volatile unsigned int USART1_transmit_buffer_flag;
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// the flag is used to handle the overflow of the position counter overflow
#define USART1_RECEIVE_BUFFER_LENGTH 1024 //32
// variable size of the receive buffer, for performance reason use multiples of 2
volatile char USART1_receive_buffer[USART1_RECEIVE_BUFFER_LENGTH];
// receive buffer array
volatile unsigned int USART1_receive_buffer_write_pos;
// position of the next free byte whitin the buffer array
volatile unsigned int USART1_receive_buffer_read_pos;
// position of the next byte to receive whitin the buffer array
volatile unsigned int USART1_receive_buffer_flag;
// the flag is used to handle the overflow of the position counter overflow
volatile int* USART1_transmit_array_ptr;
// pointer to the array that should be transmited
volatile unsigned int USART1_transmit_array_length;
// lenght of the array, number of bytes that should be transmited
volatile unsigned int USART1_transmit_array_pos;
// position of next byte to transmit
int waitpre=1; //Waiting for the preamble
int waitlength = 0; //Waiting for the length
int waitcommand = 0; //Waiting for the command
int waitslave = 0; //Waiting for the slave selection
int waitqualifier=0; //Waiting for the qualifier
int Acount=0; //Variable to count the number of A’s
char len =0;
char selslave; //Save the slave selected
char qualifier;
char msgACK[7] = {170,170,85,1,65,67,75};
//ACK Predefined message (AA AA 55 01 ’A’ ’C’ ’K’)
unsigned short int timer;
unsigned short int timer2;
int totalnumpackets=0; // # Segmented Packets to send
int currnumpacket=0; // Current No. Pack.
int remaindr=0; // Remainder to know length of last packet
int predata=0; // Length of the preamble for data
void USART1_Init(void)
{
USART1_pAIC->AIC_SVR[AT91C_ID_US1] = (unsigned int)USART1_ISR;
// write US1 interrupt service routine to interrupt vector
USART1_pAIC->AIC_IECR = (1 << AT91C_ID_US1); // enable US1 interrupts
USART1_pPMC->PMC_PCER = (1 << AT91C_ID_US1); // enable USART1 clock
USART1_pPIO->PIO_PDR = (AT91C_PIO_PA21 | AT91C_PIO_PA22 | AT91C_PIO_PA23
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| AT91C_PIO_PA24 | AT91C_PIO_PA25);
// hand over control for the five USART pins from I/O to pheripheral function
USART1_pPIO->PIO_ASR = (AT91C_PIO_PA21 | AT91C_PIO_PA22 | AT91C_PIO_PA23
| AT91C_PIO_PA24 | AT91C_PIO_PA25);
// select peripheral function A for the five USART pins
USART1_pUS1->US_CR = (AT91C_US_RXEN);
// enable receiver, tranmitter is enabled and disabled by tranmitt procedure
USART1_pUS1->US_MR = (AT91C_US_USMODE_NORMAL | AT91C_US_CLKS_CLOCK
| AT91C_US_CHRL_8_BITS | AT91C_US_ASYNC | AT91C_US_PAR_NONE
| AT91C_US_NBSTOP_1_BIT | AT91C_US_CHMODE_NORMAL | AT91C_US_LSBF );
// set the mode
USART1_pUS1->US_BRGR = USART1_BRGR_VALUE; // set baud rate
USART1_pUS1->US_TTGR = 0; // disable Timeguard
USART1_pUS1->US_IER = (AT91C_US_TXRDY | AT91C_US_RXRDY);
// enable transmitter and receiver interrupt
USART1_transmit_buffer_write_pos = 0; // initialize transmit buffer
USART1_transmit_buffer_read_pos = 0; // initialize transmit buffer
USART1_transmit_buffer_flag = 0; // initialize transmit buffer
USART1_receive_buffer_write_pos = 0; // initialize receive buffer
USART1_receive_buffer_read_pos = 0; // initialize receive buffer
USART1_receive_buffer_flag = 0; // initialize receive buffer
}
void USART1_Transmit_Array(unsigned int* array, unsigned short length)
{
USART1_transmit_array_ptr = array; // copy the pointer
USART1_transmit_array_length = length * 4;
// determine number of bytes to transmit
USART1_transmit_array_pos = 0; // reset position
USART1_pUS1->US_CR = (AT91C_US_TXEN);
// enable transmission unit, the transmission is executed in the ISR
}
void USART1_Transmit_Char(char value)
{
USART1_transmit_buffer[USART1_transmit_buffer_write_pos %
USART1_TRANSMITT_BUFFER_LENGTH] = value;// write the char to the buffer
USART1_transmit_buffer_write_pos++;// increment the write position
if(USART1_transmit_buffer_write_pos == 0)
// check for an overflow of the write position
{
USART1_transmit_buffer_flag = 1;
// in case of an overflow set the flag
}
USART1_pUS1->US_CR = (AT91C_US_TXEN);
// enable transmission unit, the transmission is executed in the ISR
}
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void USART1_Transmit_String(unsigned char* value)
{
unsigned char i = 0;
while(value[i] != ’\0’ && i < USART1_TRANSMITT_BUFFER_LENGTH)
{ // loop until the end marker appears, avoid infinite loops
USART1_transmit_buffer[USART1_transmit_buffer_write_pos %
USART1_TRANSMITT_BUFFER_LENGTH] = value[i];
// write the char to the buffer
USART1_transmit_buffer_write_pos++; // increment the write position
if(USART1_transmit_buffer_write_pos == 0)
// check for an overflow of the write position
{
USART1_transmit_buffer_flag = 1;
// in case of an overflow set the flag
}
i++;
}
USART1_pUS1->US_CR = (AT91C_US_TXEN);
// enable transmission unit, the transmission is executed in the ISR
}
char USART1_Receive_Char(void)
{
char ret;
if(USART1_receive_buffer_read_pos < USART1_receive_buffer_write_pos
|| USART1_receive_buffer_flag) // check if there is some data
{
ret = USART1_receive_buffer[USART1_receive_buffer_read_pos %
USART1_RECEIVE_BUFFER_LENGTH]; // read data from buffer
USART1_receive_buffer_read_pos++; // increment the position counter
if(USART1_receive_buffer_read_pos == 0) // check the counter for an overflow
{
USART1_receive_buffer_flag = 0; // remove the overflow flag
}
}
else
{
ret = 0; // return ASCII 0 if there is no data
}
return ret;
}
void USART1_ISR(void)
{
int i=0;
if(USART1_pUS1->US_CSR & AT91C_US_TXRDY){
// check which the transmitter has triggered the interrupt
if(USART1_transmit_buffer_read_pos < USART1_transmit_buffer_write_pos
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|| USART1_transmit_buffer_flag)
// check if the buffer contains some data to transmitt
{
if(predata<4){
switch(predata){
case 0:
USART1_pUS1->US_THR = 0xAA;
predata++;
break;
case 1:
USART1_pUS1->US_THR = 0xAA;
predata++;
break;
case 2:
USART1_pUS1->US_THR = 0x55;
predata++;
break;
case 3:
USART1_pUS1->US_THR = 0x01;
predata++;
break;
}
}
else{
USART1_pUS1->US_THR = USART1_transmit_buffer
[USART1_transmit_buffer_read_pos
% USART1_TRANSMITT_BUFFER_LENGTH];
// write buffer data to trasmitter, its a cyclic buffer
USART1_transmit_buffer_read_pos++;
// increment the read position counter
if(USART1_transmit_buffer_read_pos == 0)
// check if the position counter had an overflow
{
USART1_transmit_buffer_flag = 0; // clear the flag
}
predata=0;
USART1_pUS1->US_CR = (AT91C_US_TXEN);
//be sure that the transmitter remains enabled
}
}
else if (USART1_transmit_array_pos < USART1_transmit_array_length)
// check if there is array data to transmitt
{
if(USART1_transmit_array_pos%100==0 && predata<7){
switch (predata){
case 0: //PREAMBLE 1
timer = TC_Get_Value(0x00); // Forcing 1 second between packets
while(timer==TC_Get_Value(0x00)){} // To deal with timeout of RF Device
while(timer!=TC_Get_Value(0x00)){}
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while(timer==TC_Get_Value(0x00)){} // To deal with timeout of RF Device
while(timer!=TC_Get_Value(0x00)){}
USART1_pUS1->US_THR = 0xAA;
predata++;
break;
case 1: //PREAMBLE 2
USART1_pUS1->US_THR = 0xAA;
predata++;
break;
case 2: //PREAMBLE 3
USART1_pUS1->US_THR = 0x55;
predata++;
break;
case 3: //LENGTH
USART1_pUS1->US_THR = USART1_transmit_array_length+3;
predata++;
break;
case 4: //TYPE = ’d’
USART1_pUS1->US_THR = 0x64;
predata++;
break;
case 5: //No. PACKETS 1
if(TxPack==0){
USART1_pUS1->US_THR = 561/256;
}
else{
USART1_pUS1->US_THR = TxPack/256;
}
predata++;
break;
case 6: //No. PACKETS 2
if(TxPack==0){
USART1_pUS1->US_THR = 561%256;
}
else{
USART1_pUS1->US_THR = TxPack%256;
}
predata++;
//currnumpacket++;
break;
}
}
else{
USART1_pUS1->US_THR = USART1_transmit_array_ptr
[USART1_transmit_array_pos / 4]
>> ((3 - (USART1_transmit_array_pos % 4)) * 8);
// write data to transmitter byte by byte
USART1_transmit_array_pos++;
// increment the position counter
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predata=0;
}
USART1_pUS1->US_CR = (AT91C_US_TXEN);
// make sure that the transmitter remains enabled
}
else
{
USART1_pUS1->US_CR = (AT91C_US_TXDIS);
// disable transmitter if there is no buffer
//and no array data left to transmit
//currnumpacket=0;
}
}
if(USART1_pUS1->US_CSR & AT91C_US_RXRDY)
// check which the receiver has triggered the interrupt
{
// STATE: PREAMBLE
if(waitpre==1){
if(USART1_pUS1->US_RHR==0xAA){
Acount++;
//ontimeout=1;
if(Acount>2){
USART1_Transmit_String("Too many A’s");
USART1_Transmit_Char(USART1_TRANSMIT_LINEFEED);
Acount=0;
//ontimeout=0;
//timeout=0;
}
}
else if (USART1_pUS1->US_RHR==0x55){
if(Acount==1||Acount==2){
// Because sometimes the device loses the first char
Acount = 0;
//ontimeout=0;
//timeout=0;
waitpre=0;
waitlength=1;
}
}
}
else if(waitlength==1){ // STATE: LENGTH
len = USART1_pUS1->US_RHR;
waitlength=0;
waitcommand=1;
}
else if(waitcommand= =1){ // STATE: COMMAND
command = USART1_pUS1->US_RHR;
if(command==’s’){UI_Led2_Toggle();} // toggle LED2
waitcommand=0;
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waitpre=1;
waitslave=1;
}
else if(waitslave==1){ // STATE: SELECT SLAVE
selslave = USART1_pUS1->US_RHR;
waitslave=0;
waitqualifier=1;
}
else if(waitqualifier==1){ // STATE: QUALIFIER
qualifier = USART1_pUS1->US_RHR;
if(qualifier==0x33){
for(i=0;i<5000;i++){
USART1_Transmit_Char((char)(TC_Get_Value(0x00)>>8));
USART1_Transmit_Char((char)TC_Get_Value(0x00));
}
}
if(qualifier==0x34){
for(i=0;i<5000;i++){
USART1_Transmit_Char((char)(TC_Get_Value(0x01)>>8));
USART1_Transmit_Char((char)TC_Get_Value(0x01));
}
}
waitqualifier=0;
waitpre=1;
}
}
}
void USART1_Transmit_Array_PDC(unsigned int* data, unsigned short size)
{
USART1_pUS1->US_TNPR = (unsigned int) data; // Copy Memory Pointer
USART1_pUS1->US_TNCR = size * 4; // Copy Counter
USART1_pUS1->US_IDR = (AT91C_US_TXRDY | AT91C_US_RXRDY);
// disable transmitter and receiver interrupt
USART1_pUS1->US_CR = AT91C_US_TXEN; // Enable USART
USART1_pUS1->US_PTCR = AT91C_PDC_TXTEN;
// Enable USART PDC Transmit Channel
while(! (USART1_pUS1->US_CSR & AT91C_US_ENDTX));
// Wait until Transmission is terminated
USART1_pUS1->US_PTCR = AT91C_PDC_TXTDIS; // Disable USART PDC Transmit Channel
USART1_pUS1->US_CR = (AT91C_US_TXDIS); // Disable USART
USART1_pUS1->US_IER = (AT91C_US_TXRDY | AT91C_US_RXRDY);
// enable transmitter and receiver interrupt
}
void USART1_Receive_Array_PDC(unsigned int* data, unsigned short size)
{
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USART1_pUS1->US_RNPR = (unsigned int) data; // Copy Memory Pointer
USART1_pUS1->US_RNCR = size * 4; // Copy Counter
USART1_pUS1->US_IDR = (AT91C_US_TXRDY | AT91C_US_RXRDY);
// disable transmitter and receiver interrupt
USART1_pUS1->US_PTCR = AT91C_PDC_RXTEN;
// Enable USART PDC Transmit Channel
while(! (USART1_pUS1->US_CSR & AT91C_US_ENDRX));
// Wait until Transmission is terminated
USART1_pUS1->US_PTCR = AT91C_PDC_RXTDIS;// Disable USART PDC Receive Channel
USART1_pUS1->US_IER = (AT91C_US_TXRDY | AT91C_US_RXRDY);
// enable transmitter and receiver interrupt
}
.4 usart1.h
#ifndef USART1_H
#define USART1_H
#include "AT91SAM7S256.h"
#include "lowlevel.h"
#include "main.h"
// Baud Rate Constants
#define USART1_BAUDRATE_9K6 9600 // Potential Baudrates
#define USART1_BAUDRATE_38K4 38400
#define USART1_BAUDRATE_56K 56000
#define USART1_BAUDRATE_115K2 115200
#define USART1_BAUDRATE_128K 128000
#define USART1_BAUDRATE USART1_BAUDRATE_38K4 // Selected Baudrate
#define USART1_BRGR_VALUE ((unsigned int)(LOWLEVEL_MCK / (USART1_BAUDRATE * 16)))
//value used in the baud rate generator register (MainClock / (BaudRate * 16))
// Linefeed Constant
#define USART1_TRANSMIT_LINEFEED ((unsigned char) 10)
// Functions
void USART1_Init(void); // intializes the USART1
void USART1_Transmit_Array(unsigned int* array, unsigned short length);
// transmits data array
void USART1_Transmit_Array_PDC(unsigned int* data, unsigned short size);
void USART1_Transmit_Char(char value); // writes single byte to transmit buffer
void USART1_Transmit_String(unsigned char* value);
// writes a char array to transmit buffer
char USART1_Receive_Char(void); // reads single byte from receive buffer
void USART1_Receive_Array_PDC(unsigned int* data, unsigned short size);
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#endif
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.5 tc.c
/*******************************************************************
Desription:
This module manipulates the three timer couters units:
Currently the TCX are set up as follows:
TCO is a timer that triggers an interrupt every second.
TC1 is counter that is started and stopped for timing issues
TC2 is unused
*******************************************************************/
#include "tc.h"
// TC0 Frequency
#define TC_TC0_FREQUENCY 1 // X Hz Interrupts Frequency
#define TC_TC0_TC_RC_VALUE
((short int)(LOWLEVEL_MCK / (1024 * TC_TC0_FREQUENCY)))
// RC Register Value
volatile AT91PS_PMC TC_pPMC = AT91C_BASE_PMC;
// pointer to PMC data structure
volatile AT91PS_AIC TC_pAIC = AT91C_BASE_AIC;
// pointer to AIC data structure
volatile AT91PS_TC TC_tc0_pTC0 = AT91C_BASE_TC0;
// pointer to TC0 data structure
volatile AT91PS_TC TC_tc1_pTC0 = AT91C_BASE_TC1;
// pointer to TC1 data structure
volatile AT91PS_TC TC_tc2_pTC0 = AT91C_BASE_TC2;
// pointer to TC2 data structure
void TC_Init(unsigned char tc, unsigned int isr)
{
if(tc == TC_TC0) //Timer Counter 0 initialization
{
TC_pAIC->AIC_SVR[AT91C_ID_TC0] = isr;
// write TC0 interrupt service routine to interrupt vector
TC_pAIC->AIC_IECR = (1 << AT91C_ID_TC0);
// enable TCO interrupts
TC_pPMC->PMC_PCER = (1 << AT91C_ID_TC0);
// enable TC0 clock
TC_tc0_pTC0->TC_CMR &= ~(AT91C_TC_CLKS);
// clear old prescaler
TC_tc0_pTC0->TC_CMR |= (AT91C_TC_CLKS_TIMER_DIV3_CLOCK);
// set new prescaler
TC_tc0_pTC0->TC_IER = AT91C_TC_CPCS;
// enable compare C interrupt
TC_tc0_pTC0->TC_RC = TC_TC0_TC_RC_VALUE;
// set the C value
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TC_tc0_pTC0->TC_CMR &= ~(AT91C_TC_WAVESEL);
// clear waveform
TC_tc0_pTC0->TC_CMR |= AT91C_TC_WAVESEL_UP_AUTO;
// set waveform
}
else if (tc == TC_TC1) //Timer Counter 1 initialization
{
//TC_pAIC->AIC_SVR[AT91C_ID_TC1] = isr;
// write TC1 interrupt service routine to interrupt vector
//TC_pAIC->AIC_IECR = (1 << AT91C_ID_TC1);
// enable TCO interrupts
TC_pPMC->PMC_PCER = (1 << AT91C_ID_TC1); // enable TC1 clock
TC_tc1_pTC0->TC_CMR &= ~(AT91C_TC_CLKS); // clear old prescaler
TC_tc1_pTC0->TC_CMR |= (AT91C_TC_CLKS_TIMER_DIV5_CLOCK);
// set new prescaler
TC_tc1_pTC0->TC_CMR &= ~(AT91C_TC_WAVESEL); // clear waveform
TC_tc1_pTC0->TC_CMR |= AT91C_TC_WAVESEL_UP; // set waveform
}
else // if(tc == TC_TC2) // Timer counter 2 initialization, not in use
{
/*TC_pAIC->AIC_SVR[AT91C_ID_TC2] = isr;
// write TC2 interrupt service routine to interrupt vector
TC_pAIC->AIC_IECR = (1 << AT91C_ID_TC2); // enable TC2 interrupts
TC_pPMC->PMC_PCER = (1 << AT91C_ID_TC2); // enable TC2 clock
TC_tc2_pTC0->TC_CMR &= ~(AT91C_TC_CLKS); // clear old prescaler
TC_tc2_pTC0->TC_CMR |= (AT91C_TC_CLKS_TIMER_DIV5_CLOCK);
// set new prescaler
TC_tc2_pTC0->TC_IER = AT91C_TC_CPCS; // enable compare C interrupt
TC_tc2_pTC0->TC_RC = 46800; // set the C value
TC_tc2_pTC0->TC_CMR &= ~(AT91C_TC_WAVESEL); // clear waveform
TC_tc2_pTC0->TC_CMR |= AT91C_TC_WAVESEL_UP_AUTO;*/ // set waveform
}
}
void TC_End(unsigned char tc)
{
switch(tc)
{
case TC_TC0:
TC_pAIC->AIC_IDCR = (1 << AT91C_ID_TC0); // disable TCO interrupts
TC_pPMC->PMC_PCDR = (1 << AT91C_ID_TC0); // disable TC0 clock
break;
case TC_TC1:
//TC_pAIC->AIC_IDCR = (1 << AT91C_ID_TC1); // disable TC1 interrupts
TC_pPMC->PMC_PCDR = (1 << AT91C_ID_TC1); // disable TC1 clock
break;
case TC_TC2:
//TC_pAIC->AIC_IDCR = (1 << AT91C_ID_TC2); // disable TC2 interrupts
//TC_pPMC->PMC_PCDR = (1 << AT91C_ID_TC2); // disable TC2 clock
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break;
}
}
inline void TC_Start(unsigned char tc)
{
if(tc == TC_TC0)
{
TC_tc0_pTC0->TC_CCR |= AT91C_TC_CLKEN; // enable the clock
TC_tc0_pTC0->TC_CCR |= AT91C_TC_SWTRG; // reset and start the clock
}
else if (tc == TC_TC1)
{
TC_tc1_pTC0->TC_CCR |= AT91C_TC_CLKEN;
TC_tc1_pTC0->TC_CCR |= AT91C_TC_SWTRG;
}
else // if(tc == TC_TC2)
{
TC_tc2_pTC0->TC_CCR |= AT91C_TC_CLKEN;
TC_tc2_pTC0->TC_CCR |= AT91C_TC_SWTRG;
}
}
inline void TC_Stop(unsigned char tc)
{
if(tc == TC_TC0)
TC_tc0_pTC0->TC_CCR |= AT91C_TC_CLKDIS; // disable the clock
else if (tc == TC_TC1)
TC_tc1_pTC0->TC_CCR |= AT91C_TC_CLKDIS;
else // if(tc == TC_TC2)
TC_tc2_pTC0->TC_CCR |= AT91C_TC_CLKDIS;
}
inline unsigned short int TC_Get_Value(unsigned char tc)
{
if(tc == TC_TC0)
return (unsigned short int) (TC_tc0_pTC0->TC_CV & 0xFFFF);
// return the counter value
else if (tc == TC_TC1)
return (unsigned short int) (TC_tc1_pTC0->TC_CV & 0xFFFF);
else // if(tc == TC_TC2)
return (unsigned short int) (TC_tc2_pTC0->TC_CV & 0xFFFF);
}
.6 tc.h
#ifndef TC_H
#define TC_H
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#include "AT91SAM7S256.h"
#include "lowlevel.h"
#define TC_TC0 0x00
#define TC_TC1 0x01
#define TC_TC2 0x02
void TC_Init(unsigned char tc, unsigned int isr);
void TC0_End(unsigned char tc);
inline void TC0_Start(unsigned char tc);
inline void TC0_Stop(unsigned char tc);
inline unsigned short int TC_Get_Value(unsigned char tc);
#endif
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.7 AT91SAM7S256.h1
// ----------------------------------------------------------------------------
// ATMEL Microcontroller Software Support - ROUSSET -
// ----------------------------------------------------------------------------
// DISCLAIMER: THIS SOFTWARE IS PROVIDED BY ATMEL "AS IS" AND ANY EXPRESS OR
// IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
// MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NON-INFRINGEMENT ARE
// DISCLAIMED. IN NO EVENT SHALL ATMEL BE LIABLE FOR ANY DIRECT, INDIRECT,
// INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
// LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA,
// OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
// LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
// NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
// EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
// ----------------------------------------------------------------------------
// File Name : AT91SAM7S256.h
// Object : AT91SAM7S256 definitions
// Generated : AT91 SW Application Group 03/08/2005 (15:46:13)
//
// CVS Reference : /AT91SAM7S256.pl/1.8/Wed Feb 9 15:29:26 2005//
// CVS Reference : /SYS_SAM7S.pl/1.2/Tue Feb 1 17:01:52 2005//
// CVS Reference : /MC_SAM7S.pl/1.2/Tue Feb 1 17:01:00 2005//
// CVS Reference : /PMC_SAM7S_USB.pl/1.4/Tue Feb 8 13:58:22 2005//
// CVS Reference : /RSTC_SAM7S.pl/1.1/Tue Feb 1 16:16:35 2005//
// CVS Reference : /RTTC_6081A.pl/1.2/Tue Nov 9 14:43:58 2004//
// CVS Reference : /PITC_6079A.pl/1.2/Tue Nov 9 14:43:56 2004//
// CVS Reference : /WDTC_6080A.pl/1.3/Tue Nov 9 14:44:00 2004//
// CVS Reference : /VREG_6085B.pl/1.1/Tue Feb 1 16:05:48 2005//
// CVS Reference : /UDP_6083C.pl/1.1/Mon Jan 31 13:01:46 2005//
// CVS Reference : /AIC_6075A.pl/1.1/Fri Jun 28 10:36:48 2002//
// CVS Reference : /PIO_6057A.pl/1.2/Thu Feb 3 10:18:28 2005//
// CVS Reference : /DBGU_6059D.pl/1.1/Mon Jan 31 13:15:32 2005//
// CVS Reference : /US_6089C.pl/1.1/Mon Jul 12 18:23:26 2004//
// CVS Reference : /SPI_6088D.pl/1.2/Mon Feb 14 07:24:18 2005//
// CVS Reference : /SSC_6078A.pl/1.1/Tue Jul 13 07:45:40 2004//
// CVS Reference : /TC_6082A.pl/1.6/Fri Feb 18 13:53:30 2005//
// CVS Reference : /TWI_6061A.pl/1.1/Tue Jul 13 07:38:06 2004//
// CVS Reference : /PDC_6074C.pl/1.2/Thu Feb 3 08:48:54 2005//
// CVS Reference : /ADC_6051C.pl/1.1/Fri Oct 17 09:12:38 2003//
// CVS Reference : /PWM_6044D.pl/1.1/Tue Apr 27 14:53:52 2004//
// ----------------------------------------------------------------------------
#ifndef AT91SAM7S256_H
#define AT91SAM7S256_H
typedef volatile unsigned int AT91_REG;// Hardware register definition
1This file contains the initial manufacturer library for the programming of the microcontroller.
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// *****************************************************************************
// SOFTWARE API DEFINITION FOR System Peripherals
// *****************************************************************************
typedef struct _AT91S_SYS {
AT91_REG AIC_SMR[32]; // Source Mode Register
AT91_REG AIC_SVR[32]; // Source Vector Register
AT91_REG AIC_IVR; // IRQ Vector Register
AT91_REG AIC_FVR; // FIQ Vector Register
AT91_REG AIC_ISR; // Interrupt Status Register
AT91_REG AIC_IPR; // Interrupt Pending Register
AT91_REG AIC_IMR; // Interrupt Mask Register
AT91_REG AIC_CISR; // Core Interrupt Status Register
AT91_REG Reserved0[2]; //
AT91_REG AIC_IECR; // Interrupt Enable Command Register
AT91_REG AIC_IDCR; // Interrupt Disable Command Register
AT91_REG AIC_ICCR; // Interrupt Clear Command Register
AT91_REG AIC_ISCR; // Interrupt Set Command Register
AT91_REG AIC_EOICR; // End of Interrupt Command Register
AT91_REG AIC_SPU; // Spurious Vector Register
AT91_REG AIC_DCR; // Debug Control Register (Protect)
AT91_REG Reserved1[1]; //
AT91_REG AIC_FFER; // Fast Forcing Enable Register
AT91_REG AIC_FFDR; // Fast Forcing Disable Register
AT91_REG AIC_FFSR; // Fast Forcing Status Register
AT91_REG Reserved2[45]; //
AT91_REG DBGU_CR; // Control Register
AT91_REG DBGU_MR; // Mode Register
AT91_REG DBGU_IER; // Interrupt Enable Register
AT91_REG DBGU_IDR; // Interrupt Disable Register
AT91_REG DBGU_IMR; // Interrupt Mask Register
AT91_REG DBGU_CSR; // Channel Status Register
AT91_REG DBGU_RHR; // Receiver Holding Register
AT91_REG DBGU_THR; // Transmitter Holding Register
AT91_REG DBGU_BRGR; // Baud Rate Generator Register
AT91_REG Reserved3[7]; //
AT91_REG DBGU_CIDR; // Chip ID Register
AT91_REG DBGU_EXID; // Chip ID Extension Register
AT91_REG DBGU_FNTR; // Force NTRST Register
AT91_REG Reserved4[45]; //
AT91_REG DBGU_RPR; // Receive Pointer Register
AT91_REG DBGU_RCR; // Receive Counter Register
AT91_REG DBGU_TPR; // Transmit Pointer Register
AT91_REG DBGU_TCR; // Transmit Counter Register
AT91_REG DBGU_RNPR; // Receive Next Pointer Register
AT91_REG DBGU_RNCR; // Receive Next Counter Register
AT91_REG DBGU_TNPR; // Transmit Next Pointer Register
AT91_REG DBGU_TNCR; // Transmit Next Counter Register
AT91_REG DBGU_PTCR; // PDC Transfer Control Register
AT91_REG DBGU_PTSR; // PDC Transfer Status Register
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AT91_REG Reserved5[54]; //
AT91_REG PIOA_PER; // PIO Enable Register
AT91_REG PIOA_PDR; // PIO Disable Register
AT91_REG PIOA_PSR; // PIO Status Register
AT91_REG Reserved6[1]; //
AT91_REG PIOA_OER; // Output Enable Register
AT91_REG PIOA_ODR; // Output Disable Registerr
AT91_REG PIOA_OSR; // Output Status Register
AT91_REG Reserved7[1]; //
AT91_REG PIOA_IFER; // Input Filter Enable Register
AT91_REG PIOA_IFDR; // Input Filter Disable Register
AT91_REG PIOA_IFSR; // Input Filter Status Register
AT91_REG Reserved8[1]; //
AT91_REG PIOA_SODR; // Set Output Data Register
AT91_REG PIOA_CODR; // Clear Output Data Register
AT91_REG PIOA_ODSR; // Output Data Status Register
AT91_REG PIOA_PDSR; // Pin Data Status Register
AT91_REG PIOA_IER; // Interrupt Enable Register
AT91_REG PIOA_IDR; // Interrupt Disable Register
AT91_REG PIOA_IMR; // Interrupt Mask Register
AT91_REG PIOA_ISR; // Interrupt Status Register
AT91_REG PIOA_MDER; // Multi-driver Enable Register
AT91_REG PIOA_MDDR; // Multi-driver Disable Register
AT91_REG PIOA_MDSR; // Multi-driver Status Register
AT91_REG Reserved9[1]; //
AT91_REG PIOA_PPUDR; // Pull-up Disable Register
AT91_REG PIOA_PPUER; // Pull-up Enable Register
AT91_REG PIOA_PPUSR; // Pull-up Status Register
AT91_REG Reserved10[1]; //
AT91_REG PIOA_ASR; // Select A Register
AT91_REG PIOA_BSR; // Select B Register
AT91_REG PIOA_ABSR; // AB Select Status Register
AT91_REG Reserved11[9]; //
AT91_REG PIOA_OWER; // Output Write Enable Register
AT91_REG PIOA_OWDR; // Output Write Disable Register
AT91_REG PIOA_OWSR; // Output Write Status Register
AT91_REG Reserved12[469]; //
AT91_REG PMC_SCER; // System Clock Enable Register
AT91_REG PMC_SCDR; // System Clock Disable Register
AT91_REG PMC_SCSR; // System Clock Status Register
AT91_REG Reserved13[1]; //
AT91_REG PMC_PCER; // Peripheral Clock Enable Register
AT91_REG PMC_PCDR; // Peripheral Clock Disable Register
AT91_REG PMC_PCSR; // Peripheral Clock Status Register
AT91_REG Reserved14[1]; //
AT91_REG PMC_MOR; // Main Oscillator Register
AT91_REG PMC_MCFR; // Main Clock Frequency Register
AT91_REG Reserved15[1]; //
AT91_REG PMC_PLLR; // PLL Register
Bibliography 74
AT91_REG PMC_MCKR; // Master Clock Register
AT91_REG Reserved16[3]; //
AT91_REG PMC_PCKR[3]; // Programmable Clock Register
AT91_REG Reserved17[5]; //
AT91_REG PMC_IER; // Interrupt Enable Register
AT91_REG PMC_IDR; // Interrupt Disable Register
AT91_REG PMC_SR; // Status Register
AT91_REG PMC_IMR; // Interrupt Mask Register
AT91_REG Reserved18[36]; //
AT91_REG RSTC_RCR; // Reset Control Register
AT91_REG RSTC_RSR; // Reset Status Register
AT91_REG RSTC_RMR; // Reset Mode Register
AT91_REG Reserved19[5]; //
AT91_REG RTTC_RTMR; // Real-time Mode Register
AT91_REG RTTC_RTAR; // Real-time Alarm Register
AT91_REG RTTC_RTVR; // Real-time Value Register
AT91_REG RTTC_RTSR; // Real-time Status Register
AT91_REG PITC_PIMR; // Period Interval Mode Register
AT91_REG PITC_PISR; // Period Interval Status Register
AT91_REG PITC_PIVR; // Period Interval Value Register
AT91_REG PITC_PIIR; // Period Interval Image Register
AT91_REG WDTC_WDCR; // Watchdog Control Register
AT91_REG WDTC_WDMR; // Watchdog Mode Register
AT91_REG WDTC_WDSR; // Watchdog Status Register
AT91_REG Reserved20[5]; //
AT91_REG VREG_MR; // Voltage Regulator Mode Register
} AT91S_SYS, *AT91PS_SYS;
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Advanced Interrupt Controller
// *****************************************************************************
typedef struct _AT91S_AIC {
AT91_REG AIC_SMR[32]; // Source Mode Register
AT91_REG AIC_SVR[32]; // Source Vector Register
AT91_REG AIC_IVR; // IRQ Vector Register
AT91_REG AIC_FVR; // FIQ Vector Register
AT91_REG AIC_ISR; // Interrupt Status Register
AT91_REG AIC_IPR; // Interrupt Pending Register
AT91_REG AIC_IMR; // Interrupt Mask Register
AT91_REG AIC_CISR; // Core Interrupt Status Register
AT91_REG Reserved0[2]; //
AT91_REG AIC_IECR; // Interrupt Enable Command Register
AT91_REG AIC_IDCR; // Interrupt Disable Command Register
AT91_REG AIC_ICCR; // Interrupt Clear Command Register
AT91_REG AIC_ISCR; // Interrupt Set Command Register
AT91_REG AIC_EOICR; // End of Interrupt Command Register
AT91_REG AIC_SPU; // Spurious Vector Register
AT91_REG AIC_DCR; // Debug Control Register (Protect)
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AT91_REG Reserved1[1]; //
AT91_REG AIC_FFER; // Fast Forcing Enable Register
AT91_REG AIC_FFDR; // Fast Forcing Disable Register
AT91_REG AIC_FFSR; // Fast Forcing Status Register
} AT91S_AIC, *AT91PS_AIC;
// -------- AIC_SMR : (AIC Offset: 0x0) Control Register --------
#define AT91C_AIC_PRIOR ((unsigned int) 0x7 << 0) // (AIC) Priority Level
#define AT91C_AIC_PRIOR_HIGHEST ((unsigned int) 0x7) // (AIC) Highest priority level
#define AT91C_AIC_PRIOR_FIRST ((unsigned int) 0x7) // (AIC) Highest priority level
#define AT91C_AIC_PRIOR_SECOND ((unsigned int) 0x6) // (AIC) Highest priority level
#define AT91C_AIC_PRIOR_THIRD ((unsigned int) 0x5) // (AIC) Highest priority level
#define AT91C_AIC_PRIOR_LOWEST ((unsigned int) 0x0) // (AIC) Lowest priority level
#define AT91C_AIC_SRCTYPE ((unsigned int) 0x3 << 5) // (AIC) Interrupt Source Type
#define AT91C_AIC_SRCTYPE_INT_LEVEL_SENSITIVE ((unsigned int) 0x0 << 5)
// (AIC) Internal Sources Code Label Level Sensitive
#define AT91C_AIC_SRCTYPE_INT_EDGE_TRIGGERED ((unsigned int) 0x1 << 5)
// (AIC) Internal Sources Code Label Edge triggered
#define AT91C_AIC_SRCTYPE_EXT_HIGH_LEVEL ((unsigned int) 0x2 << 5)
// (AIC) External Sources Code Label High-level Sensitive
#define AT91C_AIC_SRCTYPE_EXT_POSITIVE_EDGE ((unsigned int) 0x3 << 5)
// (AIC) External Sources Code Label Positive Edge triggered
// -------- AIC_CISR : (AIC Offset: 0x114) AIC Core Interrupt Status Register --------
#define AT91C_AIC_NFIQ ((unsigned int) 0x1 << 0) // (AIC) NFIQ Status
#define AT91C_AIC_NIRQ ((unsigned int) 0x1 << 1) // (AIC) NIRQ Status
// -------- AIC_DCR : (AIC Offset: 0x138) AIC Debug Control Register (Protect) --------
#define AT91C_AIC_DCR_PROT ((unsigned int) 0x1 << 0) // (AIC) Protection Mode
#define AT91C_AIC_DCR_GMSK ((unsigned int) 0x1 << 1) // (AIC) General Mask
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Peripheral DMA Controller
// *****************************************************************************
typedef struct _AT91S_PDC {
AT91_REG PDC_RPR; // Receive Pointer Register
AT91_REG PDC_RCR; // Receive Counter Register
AT91_REG PDC_TPR; // Transmit Pointer Register
AT91_REG PDC_TCR; // Transmit Counter Register
AT91_REG PDC_RNPR; // Receive Next Pointer Register
AT91_REG PDC_RNCR; // Receive Next Counter Register
AT91_REG PDC_TNPR; // Transmit Next Pointer Register
AT91_REG PDC_TNCR; // Transmit Next Counter Register
AT91_REG PDC_PTCR; // PDC Transfer Control Register
AT91_REG PDC_PTSR; // PDC Transfer Status Register
} AT91S_PDC, *AT91PS_PDC;
// -------- PDC_PTCR : (PDC Offset: 0x20) PDC Transfer Control Register --------
#define AT91C_PDC_RXTEN ((unsigned int) 0x1 << 0) // (PDC) Receiver Transfer Enable
#define AT91C_PDC_RXTDIS ((unsigned int) 0x1 << 1) // (PDC) Receiver Transfer Disable
#define AT91C_PDC_TXTEN ((unsigned int) 0x1 << 8) // (PDC) Transmitter Transfer Enable
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#define AT91C_PDC_TXTDIS ((unsigned int) 0x1 << 9) // (PDC) Transmitter Transfer Disable
// -------- PDC_PTSR : (PDC Offset: 0x24) PDC Transfer Status Register --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Debug Unit
// *****************************************************************************
typedef struct _AT91S_DBGU {
AT91_REG DBGU_CR; // Control Register
AT91_REG DBGU_MR; // Mode Register
AT91_REG DBGU_IER; // Interrupt Enable Register
AT91_REG DBGU_IDR; // Interrupt Disable Register
AT91_REG DBGU_IMR; // Interrupt Mask Register
AT91_REG DBGU_CSR; // Channel Status Register
AT91_REG DBGU_RHR; // Receiver Holding Register
AT91_REG DBGU_THR; // Transmitter Holding Register
AT91_REG DBGU_BRGR; // Baud Rate Generator Register
AT91_REG Reserved0[7]; //
AT91_REG DBGU_CIDR; // Chip ID Register
AT91_REG DBGU_EXID; // Chip ID Extension Register
AT91_REG DBGU_FNTR; // Force NTRST Register
AT91_REG Reserved1[45]; //
AT91_REG DBGU_RPR; // Receive Pointer Register
AT91_REG DBGU_RCR; // Receive Counter Register
AT91_REG DBGU_TPR; // Transmit Pointer Register
AT91_REG DBGU_TCR; // Transmit Counter Register
AT91_REG DBGU_RNPR; // Receive Next Pointer Register
AT91_REG DBGU_RNCR; // Receive Next Counter Register
AT91_REG DBGU_TNPR; // Transmit Next Pointer Register
AT91_REG DBGU_TNCR; // Transmit Next Counter Register
AT91_REG DBGU_PTCR; // PDC Transfer Control Register
AT91_REG DBGU_PTSR; // PDC Transfer Status Register
} AT91S_DBGU, *AT91PS_DBGU;
// -------- DBGU_CR : (DBGU Offset: 0x0) Debug Unit Control Register --------
#define AT91C_US_RSTRX ((unsigned int) 0x1 << 2) // (DBGU) Reset Receiver
#define AT91C_US_RSTTX ((unsigned int) 0x1 << 3) // (DBGU) Reset Transmitter
#define AT91C_US_RXEN ((unsigned int) 0x1 << 4) // (DBGU) Receiver Enable
#define AT91C_US_RXDIS ((unsigned int) 0x1 << 5) // (DBGU) Receiver Disable
#define AT91C_US_TXEN ((unsigned int) 0x1 << 6) // (DBGU) Transmitter Enable
#define AT91C_US_TXDIS ((unsigned int) 0x1 << 7) // (DBGU) Transmitter Disable
#define AT91C_US_RSTSTA ((unsigned int) 0x1 << 8) // (DBGU) Reset Status Bits
// -------- DBGU_MR : (DBGU Offset: 0x4) Debug Unit Mode Register --------
#define AT91C_US_PAR ((unsigned int) 0x7 << 9) // (DBGU) Parity type
#define AT91C_US_PAR_EVEN ((unsigned int) 0x0 << 9) // (DBGU) Even Parity
#define AT91C_US_PAR_ODD ((unsigned int) 0x1 << 9) // (DBGU) Odd Parity
#define AT91C_US_PAR_SPACE ((unsigned int) 0x2 << 9) // (DBGU) Parity forced to 0 (Space)
#define AT91C_US_PAR_MARK ((unsigned int) 0x3 << 9) // (DBGU) Parity forced to 1 (Mark)
#define AT91C_US_PAR_NONE ((unsigned int) 0x4 << 9) // (DBGU) No Parity
#define AT91C_US_PAR_MULTI_DROP ((unsigned int) 0x6 << 9) // (DBGU) Multi-drop mode
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#define AT91C_US_CHMODE ((unsigned int) 0x3 << 14) // (DBGU) Channel Mode
#define AT91C_US_CHMODE_NORMAL ((unsigned int) 0x0 << 14)
// (DBGU) Normal Mode: The USART channel operates as an RX/TX USART.
#define AT91C_US_CHMODE_AUTO ((unsigned int) 0x1 << 14)
// (DBGU) Automatic Echo: Receiver Data Input is connected to the TXD pin.
#define AT91C_US_CHMODE_LOCAL ((unsigned int) 0x2 << 14)
// (DBGU) Local Loopback: Transmitter Output Signal is connected to Receiver Input Signal.
#define AT91C_US_CHMODE_REMOTE ((unsigned int) 0x3 << 14)
// (DBGU) Remote Loopback: RXD pin is internally connected to TXD pin.
// -------- DBGU_IER : (DBGU Offset: 0x8) Debug Unit Interrupt Enable Register --------
#define AT91C_US_RXRDY ((unsigned int) 0x1 << 0) // (DBGU) RXRDY Interrupt
#define AT91C_US_TXRDY ((unsigned int) 0x1 << 1) // (DBGU) TXRDY Interrupt
#define AT91C_US_ENDRX ((unsigned int) 0x1 << 3) // (DBGU) End of Receive Transfer Interrupt
#define AT91C_US_ENDTX ((unsigned int) 0x1 << 4) // (DBGU) End of Transmit Interrupt
#define AT91C_US_OVRE ((unsigned int) 0x1 << 5) // (DBGU) Overrun Interrupt
#define AT91C_US_FRAME ((unsigned int) 0x1 << 6) // (DBGU) Framing Error Interrupt
#define AT91C_US_PARE ((unsigned int) 0x1 << 7) // (DBGU) Parity Error Interrupt
#define AT91C_US_TXEMPTY ((unsigned int) 0x1 << 9) // (DBGU) TXEMPTY Interrupt
#define AT91C_US_TXBUFE ((unsigned int) 0x1 << 11) // (DBGU) TXBUFE Interrupt
#define AT91C_US_RXBUFF ((unsigned int) 0x1 << 12) // (DBGU) RXBUFF Interrupt
#define AT91C_US_COMM_TX ((unsigned int) 0x1 << 30) // (DBGU) COMM_TX Interrupt
#define AT91C_US_COMM_RX ((unsigned int) 0x1 << 31) // (DBGU) COMM_RX Interrupt
// -------- DBGU_IDR : (DBGU Offset: 0xc) Debug Unit Interrupt Disable Register --------
// -------- DBGU_IMR : (DBGU Offset: 0x10) Debug Unit Interrupt Mask Register --------
// -------- DBGU_CSR : (DBGU Offset: 0x14) Debug Unit Channel Status Register --------
// -------- DBGU_FNTR : (DBGU Offset: 0x48) Debug Unit FORCE_NTRST Register --------
#define AT91C_US_FORCE_NTRST ((unsigned int) 0x1 << 0) // (DBGU) Force NTRST in JTAG
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Parallel Input Output Controler
// *****************************************************************************
typedef struct _AT91S_PIO {
AT91_REG PIO_PER; // PIO Enable Register
AT91_REG PIO_PDR; // PIO Disable Register
AT91_REG PIO_PSR; // PIO Status Register
AT91_REG Reserved0[1]; //
AT91_REG PIO_OER; // Output Enable Register
AT91_REG PIO_ODR; // Output Disable Registerr
AT91_REG PIO_OSR; // Output Status Register
AT91_REG Reserved1[1]; //
AT91_REG PIO_IFER; // Input Filter Enable Register
AT91_REG PIO_IFDR; // Input Filter Disable Register
AT91_REG PIO_IFSR; // Input Filter Status Register
AT91_REG Reserved2[1]; //
AT91_REG PIO_SODR; // Set Output Data Register
AT91_REG PIO_CODR; // Clear Output Data Register
AT91_REG PIO_ODSR; // Output Data Status Register
AT91_REG PIO_PDSR; // Pin Data Status Register
AT91_REG PIO_IER; // Interrupt Enable Register
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AT91_REG PIO_IDR; // Interrupt Disable Register
AT91_REG PIO_IMR; // Interrupt Mask Register
AT91_REG PIO_ISR; // Interrupt Status Register
AT91_REG PIO_MDER; // Multi-driver Enable Register
AT91_REG PIO_MDDR; // Multi-driver Disable Register
AT91_REG PIO_MDSR; // Multi-driver Status Register
AT91_REG Reserved3[1]; //
AT91_REG PIO_PPUDR; // Pull-up Disable Register
AT91_REG PIO_PPUER; // Pull-up Enable Register
AT91_REG PIO_PPUSR; // Pull-up Status Register
AT91_REG Reserved4[1]; //
AT91_REG PIO_ASR; // Select A Register
AT91_REG PIO_BSR; // Select B Register
AT91_REG PIO_ABSR; // AB Select Status Register
AT91_REG Reserved5[9]; //
AT91_REG PIO_OWER; // Output Write Enable Register
AT91_REG PIO_OWDR; // Output Write Disable Register
AT91_REG PIO_OWSR; // Output Write Status Register
} AT91S_PIO, *AT91PS_PIO;
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Clock Generator Controler
// *****************************************************************************
typedef struct _AT91S_CKGR {
AT91_REG CKGR_MOR; // Main Oscillator Register
AT91_REG CKGR_MCFR; // Main Clock Frequency Register
AT91_REG Reserved0[1]; //
AT91_REG CKGR_PLLR; // PLL Register
} AT91S_CKGR, *AT91PS_CKGR;
// -------- CKGR_MOR : (CKGR Offset: 0x0) Main Oscillator Register --------
#define AT91C_CKGR_MOSCEN ((unsigned int) 0x1 << 0) // (CKGR) Main Oscillator Enable
#define AT91C_CKGR_OSCBYPASS ((unsigned int) 0x1 << 1) // (CKGR) Main Oscillator Bypass
#define AT91C_CKGR_OSCOUNT ((unsigned int) 0xFF << 8) // (CKGR) Main Oscillator Start-up Time
// -------- CKGR_MCFR : (CKGR Offset: 0x4) Main Clock Frequency Register --------
#define AT91C_CKGR_MAINF ((unsigned int) 0xFFFF << 0) // (CKGR) Main Clock Frequency
#define AT91C_CKGR_MAINRDY ((unsigned int) 0x1 << 16) // (CKGR) Main Clock Ready
// -------- CKGR_PLLR : (CKGR Offset: 0xc) PLL B Register --------
#define AT91C_CKGR_DIV ((unsigned int) 0xFF << 0) // (CKGR) Divider Selected
#define AT91C_CKGR_DIV_0 ((unsigned int) 0x0) // (CKGR) Divider output is 0
#define AT91C_CKGR_DIV_BYPASS ((unsigned int) 0x1) // (CKGR) Divider is bypassed
#define AT91C_CKGR_PLLCOUNT ((unsigned int) 0x3F << 8) // (CKGR) PLL Counter
#define AT91C_CKGR_OUT ((unsigned int) 0x3 << 14) // (CKGR) PLL Output Frequency Range
#define AT91C_CKGR_OUT_0 ((unsigned int) 0x0 << 14)
// (CKGR) Please refer to the PLL datasheet
#define AT91C_CKGR_OUT_1 ((unsigned int) 0x1 << 14)
// (CKGR) Please refer to the PLL datasheet
#define AT91C_CKGR_OUT_2 ((unsigned int) 0x2 << 14)
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// (CKGR) Please refer to the PLL datasheet
#define AT91C_CKGR_OUT_3 ((unsigned int) 0x3 << 14)
// (CKGR) Please refer to the PLL datasheet
#define AT91C_CKGR_MUL ((unsigned int) 0x7FF << 16) // (CKGR) PLL Multiplier
#define AT91C_CKGR_USBDIV ((unsigned int) 0x3 << 28) // (CKGR) Divider for USB Clocks
#define AT91C_CKGR_USBDIV_0 ((unsigned int) 0x0 << 28)
// (CKGR) Divider output is PLL clock output
#define AT91C_CKGR_USBDIV_1 ((unsigned int) 0x1 << 28)
// (CKGR) Divider output is PLL clock output divided by 2
#define AT91C_CKGR_USBDIV_2 ((unsigned int) 0x2 << 28)
// (CKGR) Divider output is PLL clock output divided by 4
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Power Management Controler
// *****************************************************************************
typedef struct _AT91S_PMC {
AT91_REG PMC_SCER; // System Clock Enable Register
AT91_REG PMC_SCDR; // System Clock Disable Register
AT91_REG PMC_SCSR; // System Clock Status Register
AT91_REG Reserved0[1]; //
AT91_REG PMC_PCER; // Peripheral Clock Enable Register
AT91_REG PMC_PCDR; // Peripheral Clock Disable Register
AT91_REG PMC_PCSR; // Peripheral Clock Status Register
AT91_REG Reserved1[1]; //
AT91_REG PMC_MOR; // Main Oscillator Register
AT91_REG PMC_MCFR; // Main Clock Frequency Register
AT91_REG Reserved2[1]; //
AT91_REG PMC_PLLR; // PLL Register
AT91_REG PMC_MCKR; // Master Clock Register
AT91_REG Reserved3[3]; //
AT91_REG PMC_PCKR[3]; // Programmable Clock Register
AT91_REG Reserved4[5]; //
AT91_REG PMC_IER; // Interrupt Enable Register
AT91_REG PMC_IDR; // Interrupt Disable Register
AT91_REG PMC_SR; // Status Register
AT91_REG PMC_IMR; // Interrupt Mask Register
} AT91S_PMC, *AT91PS_PMC;
// -------- PMC_SCER : (PMC Offset: 0x0) System Clock Enable Register --------
#define AT91C_PMC_PCK ((unsigned int) 0x1 << 0) // (PMC) Processor Clock
#define AT91C_PMC_UDP ((unsigned int) 0x1 << 7) // (PMC) USB Device Port Clock
#define AT91C_PMC_PCK0 ((unsigned int) 0x1 << 8) // (PMC) Programmable Clock Output
#define AT91C_PMC_PCK1 ((unsigned int) 0x1 << 9) // (PMC) Programmable Clock Output
#define AT91C_PMC_PCK2 ((unsigned int) 0x1 << 10) // (PMC) Programmable Clock Output
// -------- PMC_SCDR : (PMC Offset: 0x4) System Clock Disable Register --------
// -------- PMC_SCSR : (PMC Offset: 0x8) System Clock Status Register --------
// -------- CKGR_MOR : (PMC Offset: 0x20) Main Oscillator Register --------
// -------- CKGR_MCFR : (PMC Offset: 0x24) Main Clock Frequency Register --------
// -------- CKGR_PLLR : (PMC Offset: 0x2c) PLL B Register --------
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// -------- PMC_MCKR : (PMC Offset: 0x30) Master Clock Register --------
#define AT91C_PMC_CSS ((unsigned int) 0x3 << 0) // (PMC) Programmable Clock Selection
#define AT91C_PMC_CSS_SLOW_CLK ((unsigned int) 0x0) // (PMC) Slow Clock is selected
#define AT91C_PMC_CSS_MAIN_CLK ((unsigned int) 0x1) // (PMC) Main Clock is selected
#define AT91C_PMC_CSS_PLL_CLK ((unsigned int) 0x3) // (PMC) Clock from PLL is selected
#define AT91C_PMC_PRES ((unsigned int) 0x7 << 2) // (PMC) Programmable Clock Prescaler
#define AT91C_PMC_PRES_CLK ((unsigned int) 0x0 << 2) // (PMC) Selected clock
#define AT91C_PMC_PRES_CLK_2 ((unsigned int) 0x1 << 2) // (PMC) Selected clock divided by 2
#define AT91C_PMC_PRES_CLK_4 ((unsigned int) 0x2 << 2) // (PMC) Selected clock divided by 4
#define AT91C_PMC_PRES_CLK_8 ((unsigned int) 0x3 << 2) // (PMC) Selected clock divided by 8
#define AT91C_PMC_PRES_CLK_16 ((unsigned int) 0x4 << 2) // (PMC) Selected clock divided by 16
#define AT91C_PMC_PRES_CLK_32 ((unsigned int) 0x5 << 2) // (PMC) Selected clock divided by 32
#define AT91C_PMC_PRES_CLK_64 ((unsigned int) 0x6 << 2) // (PMC) Selected clock divided by 64
// -------- PMC_PCKR : (PMC Offset: 0x40) Programmable Clock Register --------
// -------- PMC_IER : (PMC Offset: 0x60) PMC Interrupt Enable Register --------
#define AT91C_PMC_MOSCS ((unsigned int) 0x1 << 0) // (PMC) MOSC Status/Enable/Disable/Mask
#define AT91C_PMC_LOCK ((unsigned int) 0x1 << 2) // (PMC) PLL Status/Enable/Disable/Mask
#define AT91C_PMC_MCKRDY ((unsigned int) 0x1 << 3) // (PMC) MCK_RDY Status/Enable/Disable/Mask
#define AT91C_PMC_PCK0RDY ((unsigned int) 0x1 << 8) // (PMC) PCK0_RDY Status/Enable/Disable/Mask
#define AT91C_PMC_PCK1RDY ((unsigned int) 0x1 << 9) // (PMC) PCK1_RDY Status/Enable/Disable/Mask
#define AT91C_PMC_PCK2RDY ((unsigned int) 0x1 << 10) // (PMC) PCK2_RDY Status/Enable/Disable/Mask
// -------- PMC_IDR : (PMC Offset: 0x64) PMC Interrupt Disable Register --------
// -------- PMC_SR : (PMC Offset: 0x68) PMC Status Register --------
// -------- PMC_IMR : (PMC Offset: 0x6c) PMC Interrupt Mask Register --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Reset Controller Interface
// *****************************************************************************
typedef struct _AT91S_RSTC {
AT91_REG RSTC_RCR; // Reset Control Register
AT91_REG RSTC_RSR; // Reset Status Register
AT91_REG RSTC_RMR; // Reset Mode Register
} AT91S_RSTC, *AT91PS_RSTC;
// -------- RSTC_RCR : (RSTC Offset: 0x0) Reset Control Register --------
#define AT91C_RSTC_PROCRST ((unsigned int) 0x1 << 0) // (RSTC) Processor Reset
#define AT91C_RSTC_PERRST ((unsigned int) 0x1 << 2) // (RSTC) Peripheral Reset
#define AT91C_RSTC_EXTRST ((unsigned int) 0x1 << 3) // (RSTC) External Reset
#define AT91C_RSTC_KEY ((unsigned int) 0xA5 << 24) // (RSTC) Password
// -------- RSTC_RSR : (RSTC Offset: 0x4) Reset Status Register --------
#define AT91C_RSTC_URSTS ((unsigned int) 0x1 << 0) // (RSTC) User Reset Status
#define AT91C_RSTC_BODSTS ((unsigned int) 0x1 << 1) // (RSTC) Brownout Detection Status
#define AT91C_RSTC_RSTTYP ((unsigned int) 0x7 << 8) // (RSTC) Reset Type
#define AT91C_RSTC_RSTTYP_POWERUP ((unsigned int) 0x0 << 8)
// (RSTC) Power-up Reset. VDDCORE rising.
#define AT91C_RSTC_RSTTYP_WAKEUP ((unsigned int) 0x1 << 8)
// (RSTC) WakeUp Reset. VDDCORE rising.
#define AT91C_RSTC_RSTTYP_WATCHDOG ((unsigned int) 0x2 << 8)
// (RSTC) Watchdog Reset. Watchdog overflow occured.
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#define AT91C_RSTC_RSTTYP_SOFTWARE ((unsigned int) 0x3 << 8)
// (RSTC) Software Reset. Processor reset required by the software.
#define AT91C_RSTC_RSTTYP_USER ((unsigned int) 0x4 << 8)
// (RSTC) User Reset. NRST pin detected low.
#define AT91C_RSTC_RSTTYP_BROWNOUT ((unsigned int) 0x5 << 8)
// (RSTC) Brownout Reset occured.
#define AT91C_RSTC_NRSTL ((unsigned int) 0x1 << 16) // (RSTC) NRST pin level
#define AT91C_RSTC_SRCMP ((unsigned int) 0x1 << 17) // (RSTC) Software Reset Command in Progress.
// -------- RSTC_RMR : (RSTC Offset: 0x8) Reset Mode Register --------
#define AT91C_RSTC_URSTEN ((unsigned int) 0x1 << 0) // (RSTC) User Reset Enable
#define AT91C_RSTC_URSTIEN ((unsigned int) 0x1 << 4) // (RSTC) User Reset Interrupt Enable
#define AT91C_RSTC_ERSTL ((unsigned int) 0xF << 8) // (RSTC) User Reset Enable
#define AT91C_RSTC_BODIEN ((unsigned int) 0x1 << 16) // (RSTC) Brownout Detection Interrupt Enable
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Real Time Timer Controller Interface
// *****************************************************************************
typedef struct _AT91S_RTTC {
AT91_REG RTTC_RTMR; // Real-time Mode Register
AT91_REG RTTC_RTAR; // Real-time Alarm Register
AT91_REG RTTC_RTVR; // Real-time Value Register
AT91_REG RTTC_RTSR; // Real-time Status Register
} AT91S_RTTC, *AT91PS_RTTC;
// -------- RTTC_RTMR : (RTTC Offset: 0x0) Real-time Mode Register --------
#define AT91C_RTTC_RTPRES ((unsigned int) 0xFFFF << 0) // (RTTC) Real-time Timer Prescaler Value
#define AT91C_RTTC_ALMIEN ((unsigned int) 0x1 << 16) // (RTTC) Alarm Interrupt Enable
#define AT91C_RTTC_RTTINCIEN ((unsigned int) 0x1 << 17) // (RTTC) Real Time Timer Increment Interrupt Enable
#define AT91C_RTTC_RTTRST ((unsigned int) 0x1 << 18) // (RTTC) Real Time Timer Restart
// -------- RTTC_RTAR : (RTTC Offset: 0x4) Real-time Alarm Register --------
#define AT91C_RTTC_ALMV ((unsigned int) 0x0 << 0) // (RTTC) Alarm Value
// -------- RTTC_RTVR : (RTTC Offset: 0x8) Current Real-time Value Register --------
#define AT91C_RTTC_CRTV ((unsigned int) 0x0 << 0) // (RTTC) Current Real-time Value
// -------- RTTC_RTSR : (RTTC Offset: 0xc) Real-time Status Register --------
#define AT91C_RTTC_ALMS ((unsigned int) 0x1 << 0) // (RTTC) Real-time Alarm Status
#define AT91C_RTTC_RTTINC ((unsigned int) 0x1 << 1) // (RTTC) Real-time Timer Increment
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Periodic Interval Timer Controller Interface
// *****************************************************************************
typedef struct _AT91S_PITC {
AT91_REG PITC_PIMR; // Period Interval Mode Register
AT91_REG PITC_PISR; // Period Interval Status Register
AT91_REG PITC_PIVR; // Period Interval Value Register
AT91_REG PITC_PIIR; // Period Interval Image Register
} AT91S_PITC, *AT91PS_PITC;
// -------- PITC_PIMR : (PITC Offset: 0x0) Periodic Interval Mode Register --------
#define AT91C_PITC_PIV ((unsigned int) 0xFFFFF << 0) // (PITC) Periodic Interval Value
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#define AT91C_PITC_PITEN ((unsigned int) 0x1 << 24) // (PITC) Periodic Interval Timer Enabled
#define AT91C_PITC_PITIEN ((unsigned int) 0x1 << 25) // (PITC) Periodic Interval Timer Interrupt Enable
// -------- PITC_PISR : (PITC Offset: 0x4) Periodic Interval Status Register --------
#define AT91C_PITC_PITS ((unsigned int) 0x1 << 0) // (PITC) Periodic Interval Timer Status
// -------- PITC_PIVR : (PITC Offset: 0x8) Periodic Interval Value Register --------
#define AT91C_PITC_CPIV ((unsigned int) 0xFFFFF << 0) // (PITC) Current Periodic Interval Value
#define AT91C_PITC_PICNT ((unsigned int) 0xFFF << 20) // (PITC) Periodic Interval Counter
// -------- PITC_PIIR : (PITC Offset: 0xc) Periodic Interval Image Register --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Watchdog Timer Controller Interface
// *****************************************************************************
typedef struct _AT91S_WDTC {
AT91_REG WDTC_WDCR; // Watchdog Control Register
AT91_REG WDTC_WDMR; // Watchdog Mode Register
AT91_REG WDTC_WDSR; // Watchdog Status Register
} AT91S_WDTC, *AT91PS_WDTC;
// -------- WDTC_WDCR : (WDTC Offset: 0x0) Periodic Interval Image Register --------
#define AT91C_WDTC_WDRSTT ((unsigned int) 0x1 << 0) // (WDTC) Watchdog Restart
#define AT91C_WDTC_KEY ((unsigned int) 0xFF << 24) // (WDTC) Watchdog KEY Password
// -------- WDTC_WDMR : (WDTC Offset: 0x4) Watchdog Mode Register --------
#define AT91C_WDTC_WDV ((unsigned int) 0xFFF << 0) // (WDTC) Watchdog Timer Restart
#define AT91C_WDTC_WDFIEN ((unsigned int) 0x1 << 12) // (WDTC) Watchdog Fault Interrupt Enable
#define AT91C_WDTC_WDRSTEN ((unsigned int) 0x1 << 13) // (WDTC) Watchdog Reset Enable
#define AT91C_WDTC_WDRPROC ((unsigned int) 0x1 << 14) // (WDTC) Watchdog Timer Restart
#define AT91C_WDTC_WDDIS ((unsigned int) 0x1 << 15) // (WDTC) Watchdog Disable
#define AT91C_WDTC_WDD ((unsigned int) 0xFFF << 16) // (WDTC) Watchdog Delta Value
#define AT91C_WDTC_WDDBGHLT ((unsigned int) 0x1 << 28) // (WDTC) Watchdog Debug Halt
#define AT91C_WDTC_WDIDLEHLT ((unsigned int) 0x1 << 29) // (WDTC) Watchdog Idle Halt
// -------- WDTC_WDSR : (WDTC Offset: 0x8) Watchdog Status Register --------
#define AT91C_WDTC_WDUNF ((unsigned int) 0x1 << 0) // (WDTC) Watchdog Underflow
#define AT91C_WDTC_WDERR ((unsigned int) 0x1 << 1) // (WDTC) Watchdog Error
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Voltage Regulator Mode Controller Interface
// *****************************************************************************
typedef struct _AT91S_VREG {
AT91_REG VREG_MR; // Voltage Regulator Mode Register
} AT91S_VREG, *AT91PS_VREG;
// -------- VREG_MR : (VREG Offset: 0x0) Voltage Regulator Mode Register --------
#define AT91C_VREG_PSTDBY ((unsigned int) 0x1 << 0) // (VREG) Voltage Regulator Power Standby Mode
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Memory Controller Interface
// *****************************************************************************
typedef struct _AT91S_MC {
AT91_REG MC_RCR; // MC Remap Control Register
83 .7. AT91SAM7S256.h
AT91_REG MC_ASR; // MC Abort Status Register
AT91_REG MC_AASR; // MC Abort Address Status Register
AT91_REG Reserved0[21]; //
AT91_REG MC_FMR; // MC Flash Mode Register
AT91_REG MC_FCR; // MC Flash Command Register
AT91_REG MC_FSR; // MC Flash Status Register
} AT91S_MC, *AT91PS_MC;
// -------- MC_RCR : (MC Offset: 0x0) MC Remap Control Register --------
#define AT91C_MC_RCB ((unsigned int) 0x1 << 0) // (MC) Remap Command Bit
// -------- MC_ASR : (MC Offset: 0x4) MC Abort Status Register --------
#define AT91C_MC_UNDADD ((unsigned int) 0x1 << 0) // (MC) Undefined Addess Abort Status
#define AT91C_MC_MISADD ((unsigned int) 0x1 << 1) // (MC) Misaligned Addess Abort Status
#define AT91C_MC_ABTSZ ((unsigned int) 0x3 << 8) // (MC) Abort Size Status
#define AT91C_MC_ABTSZ_BYTE ((unsigned int) 0x0 << 8) // (MC) Byte
#define AT91C_MC_ABTSZ_HWORD ((unsigned int) 0x1 << 8) // (MC) Half-word
#define AT91C_MC_ABTSZ_WORD ((unsigned int) 0x2 << 8) // (MC) Word
#define AT91C_MC_ABTTYP ((unsigned int) 0x3 << 10) // (MC) Abort Type Status
#define AT91C_MC_ABTTYP_DATAR ((unsigned int) 0x0 << 10) // (MC) Data Read
#define AT91C_MC_ABTTYP_DATAW ((unsigned int) 0x1 << 10) // (MC) Data Write
#define AT91C_MC_ABTTYP_FETCH ((unsigned int) 0x2 << 10) // (MC) Code Fetch
#define AT91C_MC_MST0 ((unsigned int) 0x1 << 16) // (MC) Master 0 Abort Source
#define AT91C_MC_MST1 ((unsigned int) 0x1 << 17) // (MC) Master 1 Abort Source
#define AT91C_MC_SVMST0 ((unsigned int) 0x1 << 24) // (MC) Saved Master 0 Abort Source
#define AT91C_MC_SVMST1 ((unsigned int) 0x1 << 25) // (MC) Saved Master 1 Abort Source
// -------- MC_FMR : (MC Offset: 0x60) MC Flash Mode Register --------
#define AT91C_MC_FRDY ((unsigned int) 0x1 << 0) // (MC) Flash Ready
#define AT91C_MC_LOCKE ((unsigned int) 0x1 << 2) // (MC) Lock Error
#define AT91C_MC_PROGE ((unsigned int) 0x1 << 3) // (MC) Programming Error
#define AT91C_MC_NEBP ((unsigned int) 0x1 << 7) // (MC) No Erase Before Programming
#define AT91C_MC_FWS ((unsigned int) 0x3 << 8) // (MC) Flash Wait State
#define AT91C_MC_FWS_0FWS ((unsigned int) 0x0 << 8) // (MC) 1 cycle for Read, 2 for Write operations
#define AT91C_MC_FWS_1FWS ((unsigned int) 0x1 << 8) // (MC) 2 cycles for Read, 3 for Write operations
#define AT91C_MC_FWS_2FWS ((unsigned int) 0x2 << 8) // (MC) 3 cycles for Read, 4 for Write operations
#define AT91C_MC_FWS_3FWS ((unsigned int) 0x3 << 8) // (MC) 4 cycles for Read, 4 for Write operations
#define AT91C_MC_FMCN ((unsigned int) 0xFF << 16) // (MC) Flash Microsecond Cycle Number
// -------- MC_FCR : (MC Offset: 0x64) MC Flash Command Register --------
#define AT91C_MC_FCMD ((unsigned int) 0xF << 0) // (MC) Flash Command
#define AT91C_MC_FCMD_START_PROG ((unsigned int) 0x1)
// (MC) Starts the programming of th epage specified by PAGEN.
#define AT91C_MC_FCMD_LOCK ((unsigned int) 0x2)
// (MC) Starts a lock sequence of the sector defined by the bits 4 to 7 of the field PAGEN.
#define AT91C_MC_FCMD_PROG_AND_LOCK ((unsigned int) 0x3)
// (MC) The lock sequence automatically happens after the programming sequence is completed.
#define AT91C_MC_FCMD_UNLOCK ((unsigned int) 0x4)
// (MC) Starts an unlock sequence of the sector defined by the bits 4 to 7 of the field PAGEN.
#define AT91C_MC_FCMD_ERASE_ALL ((unsigned int) 0x8)
// (MC) Starts the erase of the entire flash.If at least a page is locked, the command is cancelled.
#define AT91C_MC_FCMD_SET_GP_NVM ((unsigned int) 0xB)
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// (MC) Set General Purpose NVM bits.
#define AT91C_MC_FCMD_CLR_GP_NVM ((unsigned int) 0xD)
// (MC) Clear General Purpose NVM bits.
#define AT91C_MC_FCMD_SET_SECURITY ((unsigned int) 0xF)
// (MC) Set Security Bit.
#define AT91C_MC_PAGEN ((unsigned int) 0x3FF << 8) // (MC) Page Number
#define AT91C_MC_KEY ((unsigned int) 0xFF << 24) // (MC) Writing Protect Key
// -------- MC_FSR : (MC Offset: 0x68) MC Flash Command Register --------
#define AT91C_MC_SECURITY ((unsigned int) 0x1 << 4) // (MC) Security Bit Status
#define AT91C_MC_GPNVM0 ((unsigned int) 0x1 << 8) // (MC) Sector 0 Lock Status
#define AT91C_MC_GPNVM1 ((unsigned int) 0x1 << 9) // (MC) Sector 1 Lock Status
#define AT91C_MC_GPNVM2 ((unsigned int) 0x1 << 10) // (MC) Sector 2 Lock Status
#define AT91C_MC_GPNVM3 ((unsigned int) 0x1 << 11) // (MC) Sector 3 Lock Status
#define AT91C_MC_GPNVM4 ((unsigned int) 0x1 << 12) // (MC) Sector 4 Lock Status
#define AT91C_MC_GPNVM5 ((unsigned int) 0x1 << 13) // (MC) Sector 5 Lock Status
#define AT91C_MC_GPNVM6 ((unsigned int) 0x1 << 14) // (MC) Sector 6 Lock Status
#define AT91C_MC_GPNVM7 ((unsigned int) 0x1 << 15) // (MC) Sector 7 Lock Status
#define AT91C_MC_LOCKS0 ((unsigned int) 0x1 << 16) // (MC) Sector 0 Lock Status
#define AT91C_MC_LOCKS1 ((unsigned int) 0x1 << 17) // (MC) Sector 1 Lock Status
#define AT91C_MC_LOCKS2 ((unsigned int) 0x1 << 18) // (MC) Sector 2 Lock Status
#define AT91C_MC_LOCKS3 ((unsigned int) 0x1 << 19) // (MC) Sector 3 Lock Status
#define AT91C_MC_LOCKS4 ((unsigned int) 0x1 << 20) // (MC) Sector 4 Lock Status
#define AT91C_MC_LOCKS5 ((unsigned int) 0x1 << 21) // (MC) Sector 5 Lock Status
#define AT91C_MC_LOCKS6 ((unsigned int) 0x1 << 22) // (MC) Sector 6 Lock Status
#define AT91C_MC_LOCKS7 ((unsigned int) 0x1 << 23) // (MC) Sector 7 Lock Status
#define AT91C_MC_LOCKS8 ((unsigned int) 0x1 << 24) // (MC) Sector 8 Lock Status
#define AT91C_MC_LOCKS9 ((unsigned int) 0x1 << 25) // (MC) Sector 9 Lock Status
#define AT91C_MC_LOCKS10 ((unsigned int) 0x1 << 26) // (MC) Sector 10 Lock Status
#define AT91C_MC_LOCKS11 ((unsigned int) 0x1 << 27) // (MC) Sector 11 Lock Status
#define AT91C_MC_LOCKS12 ((unsigned int) 0x1 << 28) // (MC) Sector 12 Lock Status
#define AT91C_MC_LOCKS13 ((unsigned int) 0x1 << 29) // (MC) Sector 13 Lock Status
#define AT91C_MC_LOCKS14 ((unsigned int) 0x1 << 30) // (MC) Sector 14 Lock Status
#define AT91C_MC_LOCKS15 ((unsigned int) 0x1 << 31) // (MC) Sector 15 Lock Status
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Serial Parallel Interface
// *****************************************************************************
typedef struct _AT91S_SPI {
AT91_REG SPI_CR; // Control Register
AT91_REG SPI_MR; // Mode Register
AT91_REG SPI_RDR; // Receive Data Register
AT91_REG SPI_TDR; // Transmit Data Register
AT91_REG SPI_SR; // Status Register
AT91_REG SPI_IER; // Interrupt Enable Register
AT91_REG SPI_IDR; // Interrupt Disable Register
AT91_REG SPI_IMR; // Interrupt Mask Register
AT91_REG Reserved0[4]; //
AT91_REG SPI_CSR[4]; // Chip Select Register
AT91_REG Reserved1[48]; //
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AT91_REG SPI_RPR; // Receive Pointer Register
AT91_REG SPI_RCR; // Receive Counter Register
AT91_REG SPI_TPR; // Transmit Pointer Register
AT91_REG SPI_TCR; // Transmit Counter Register
AT91_REG SPI_RNPR; // Receive Next Pointer Register
AT91_REG SPI_RNCR; // Receive Next Counter Register
AT91_REG SPI_TNPR; // Transmit Next Pointer Register
AT91_REG SPI_TNCR; // Transmit Next Counter Register
AT91_REG SPI_PTCR; // PDC Transfer Control Register
AT91_REG SPI_PTSR; // PDC Transfer Status Register
} AT91S_SPI, *AT91PS_SPI;
// -------- SPI_CR : (SPI Offset: 0x0) SPI Control Register --------
#define AT91C_SPI_SPIEN ((unsigned int) 0x1 << 0) // (SPI) SPI Enable
#define AT91C_SPI_SPIDIS ((unsigned int) 0x1 << 1) // (SPI) SPI Disable
#define AT91C_SPI_SWRST ((unsigned int) 0x1 << 7) // (SPI) SPI Software reset
#define AT91C_SPI_LASTXFER ((unsigned int) 0x1 << 24) // (SPI) SPI Last Transfer
// -------- SPI_MR : (SPI Offset: 0x4) SPI Mode Register --------
#define AT91C_SPI_MSTR ((unsigned int) 0x1 << 0) // (SPI) Master/Slave Mode
#define AT91C_SPI_PS ((unsigned int) 0x1 << 1) // (SPI) Peripheral Select
#define AT91C_SPI_PS_FIXED ((unsigned int) 0x0 << 1) // (SPI) Fixed Peripheral Select
#define AT91C_SPI_PS_VARIABLE ((unsigned int) 0x1 << 1) // (SPI) Variable Peripheral Select
#define AT91C_SPI_PCSDEC ((unsigned int) 0x1 << 2) // (SPI) Chip Select Decode
#define AT91C_SPI_FDIV ((unsigned int) 0x1 << 3) // (SPI) Clock Selection
#define AT91C_SPI_MODFDIS ((unsigned int) 0x1 << 4) // (SPI) Mode Fault Detection
#define AT91C_SPI_LLB ((unsigned int) 0x1 << 7) // (SPI) Clock Selection
#define AT91C_SPI_PCS ((unsigned int) 0xF << 16) // (SPI) Peripheral Chip Select
#define AT91C_SPI_DLYBCS ((unsigned int) 0xFF << 24) // (SPI) Delay Between Chip Selects
// -------- SPI_RDR : (SPI Offset: 0x8) Receive Data Register --------
#define AT91C_SPI_RD ((unsigned int) 0xFFFF << 0) // (SPI) Receive Data
#define AT91C_SPI_RPCS ((unsigned int) 0xF << 16) // (SPI) Peripheral Chip Select Status
// -------- SPI_TDR : (SPI Offset: 0xc) Transmit Data Register --------
#define AT91C_SPI_TD ((unsigned int) 0xFFFF << 0) // (SPI) Transmit Data
#define AT91C_SPI_TPCS ((unsigned int) 0xF << 16) // (SPI) Peripheral Chip Select Status
// -------- SPI_SR : (SPI Offset: 0x10) Status Register --------
#define AT91C_SPI_RDRF ((unsigned int) 0x1 << 0) // (SPI) Receive Data Register Full
#define AT91C_SPI_TDRE ((unsigned int) 0x1 << 1) // (SPI) Transmit Data Register Empty
#define AT91C_SPI_MODF ((unsigned int) 0x1 << 2) // (SPI) Mode Fault Error
#define AT91C_SPI_OVRES ((unsigned int) 0x1 << 3) // (SPI) Overrun Error Status
#define AT91C_SPI_ENDRX ((unsigned int) 0x1 << 4) // (SPI) End of Receiver Transfer
#define AT91C_SPI_ENDTX ((unsigned int) 0x1 << 5) // (SPI) End of Receiver Transfer
#define AT91C_SPI_RXBUFF ((unsigned int) 0x1 << 6) // (SPI) RXBUFF Interrupt
#define AT91C_SPI_TXBUFE ((unsigned int) 0x1 << 7) // (SPI) TXBUFE Interrupt
#define AT91C_SPI_NSSR ((unsigned int) 0x1 << 8) // (SPI) NSSR Interrupt
#define AT91C_SPI_TXEMPTY ((unsigned int) 0x1 << 9) // (SPI) TXEMPTY Interrupt
#define AT91C_SPI_SPIENS ((unsigned int) 0x1 << 16) // (SPI) Enable Status
// -------- SPI_IER : (SPI Offset: 0x14) Interrupt Enable Register --------
// -------- SPI_IDR : (SPI Offset: 0x18) Interrupt Disable Register --------
// -------- SPI_IMR : (SPI Offset: 0x1c) Interrupt Mask Register --------
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// -------- SPI_CSR : (SPI Offset: 0x30) Chip Select Register --------
#define AT91C_SPI_CPOL ((unsigned int) 0x1 << 0) // (SPI) Clock Polarity
#define AT91C_SPI_NCPHA ((unsigned int) 0x1 << 1) // (SPI) Clock Phase
#define AT91C_SPI_CSAAT ((unsigned int) 0x1 << 3) // (SPI) Chip Select Active After Transfer
#define AT91C_SPI_BITS ((unsigned int) 0xF << 4) // (SPI) Bits Per Transfer
#define AT91C_SPI_BITS_8 ((unsigned int) 0x0 << 4) // (SPI) 8 Bits Per transfer
#define AT91C_SPI_BITS_9 ((unsigned int) 0x1 << 4) // (SPI) 9 Bits Per transfer
#define AT91C_SPI_BITS_10 ((unsigned int) 0x2 << 4) // (SPI) 10 Bits Per transfer
#define AT91C_SPI_BITS_11 ((unsigned int) 0x3 << 4) // (SPI) 11 Bits Per transfer
#define AT91C_SPI_BITS_12 ((unsigned int) 0x4 << 4) // (SPI) 12 Bits Per transfer
#define AT91C_SPI_BITS_13 ((unsigned int) 0x5 << 4) // (SPI) 13 Bits Per transfer
#define AT91C_SPI_BITS_14 ((unsigned int) 0x6 << 4) // (SPI) 14 Bits Per transfer
#define AT91C_SPI_BITS_15 ((unsigned int) 0x7 << 4) // (SPI) 15 Bits Per transfer
#define AT91C_SPI_BITS_16 ((unsigned int) 0x8 << 4) // (SPI) 16 Bits Per transfer
#define AT91C_SPI_SCBR ((unsigned int) 0xFF << 8) // (SPI) Serial Clock Baud Rate
#define AT91C_SPI_DLYBS ((unsigned int) 0xFF << 16) // (SPI) Serial Clock Baud Rate
#define AT91C_SPI_DLYBCT ((unsigned int) 0xFF << 24) // (SPI) Delay Between Consecutive Transfers
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Analog to Digital Convertor
// *****************************************************************************
typedef struct _AT91S_ADC {
AT91_REG ADC_CR; // ADC Control Register
AT91_REG ADC_MR; // ADC Mode Register
AT91_REG Reserved0[2]; //
AT91_REG ADC_CHER; // ADC Channel Enable Register
AT91_REG ADC_CHDR; // ADC Channel Disable Register
AT91_REG ADC_CHSR; // ADC Channel Status Register
AT91_REG ADC_SR; // ADC Status Register
AT91_REG ADC_LCDR; // ADC Last Converted Data Register
AT91_REG ADC_IER; // ADC Interrupt Enable Register
AT91_REG ADC_IDR; // ADC Interrupt Disable Register
AT91_REG ADC_IMR; // ADC Interrupt Mask Register
AT91_REG ADC_CDR0; // ADC Channel Data Register 0
AT91_REG ADC_CDR1; // ADC Channel Data Register 1
AT91_REG ADC_CDR2; // ADC Channel Data Register 2
AT91_REG ADC_CDR3; // ADC Channel Data Register 3
AT91_REG ADC_CDR4; // ADC Channel Data Register 4
AT91_REG ADC_CDR5; // ADC Channel Data Register 5
AT91_REG ADC_CDR6; // ADC Channel Data Register 6
AT91_REG ADC_CDR7; // ADC Channel Data Register 7
AT91_REG Reserved1[44]; //
AT91_REG ADC_RPR; // Receive Pointer Register
AT91_REG ADC_RCR; // Receive Counter Register
AT91_REG ADC_TPR; // Transmit Pointer Register
AT91_REG ADC_TCR; // Transmit Counter Register
AT91_REG ADC_RNPR; // Receive Next Pointer Register
AT91_REG ADC_RNCR; // Receive Next Counter Register
AT91_REG ADC_TNPR; // Transmit Next Pointer Register
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AT91_REG ADC_TNCR; // Transmit Next Counter Register
AT91_REG ADC_PTCR; // PDC Transfer Control Register
AT91_REG ADC_PTSR; // PDC Transfer Status Register
} AT91S_ADC, *AT91PS_ADC;
// -------- ADC_CR : (ADC Offset: 0x0) ADC Control Register --------
#define AT91C_ADC_SWRST ((unsigned int) 0x1 << 0) // (ADC) Software Reset
#define AT91C_ADC_START ((unsigned int) 0x1 << 1) // (ADC) Start Conversion
// -------- ADC_MR : (ADC Offset: 0x4) ADC Mode Register --------
#define AT91C_ADC_TRGEN ((unsigned int) 0x1 << 0) // (ADC) Trigger Enable
#define AT91C_ADC_TRGEN_DIS ((unsigned int) 0x0)
// (ADC) Hradware triggers are disabled. Starting a conversion is only possible by software
#define AT91C_ADC_TRGEN_EN ((unsigned int) 0x1)
// (ADC) Hardware trigger selected by TRGSEL field is enabled.
#define AT91C_ADC_TRGSEL ((unsigned int) 0x7 << 1) // (ADC) Trigger Selection
#define AT91C_ADC_TRGSEL_TIOA0 ((unsigned int) 0x0 << 1) // (ADC) Selected TRGSEL = TIAO0
#define AT91C_ADC_TRGSEL_TIOA1 ((unsigned int) 0x1 << 1) // (ADC) Selected TRGSEL = TIAO1
#define AT91C_ADC_TRGSEL_TIOA2 ((unsigned int) 0x2 << 1) // (ADC) Selected TRGSEL = TIAO2
#define AT91C_ADC_TRGSEL_TIOA3 ((unsigned int) 0x3 << 1) // (ADC) Selected TRGSEL = TIAO3
#define AT91C_ADC_TRGSEL_TIOA4 ((unsigned int) 0x4 << 1) // (ADC) Selected TRGSEL = TIAO4
#define AT91C_ADC_TRGSEL_TIOA5 ((unsigned int) 0x5 << 1) // (ADC) Selected TRGSEL = TIAO5
#define AT91C_ADC_TRGSEL_EXT ((unsigned int) 0x6 << 1) // (ADC) Selected TRGSEL = External Trigger
#define AT91C_ADC_LOWRES ((unsigned int) 0x1 << 4) // (ADC) Resolution.
#define AT91C_ADC_LOWRES_10_BIT ((unsigned int) 0x0 << 4) // (ADC) 10-bit resolution
#define AT91C_ADC_LOWRES_8_BIT ((unsigned int) 0x1 << 4) // (ADC) 8-bit resolution
#define AT91C_ADC_SLEEP ((unsigned int) 0x1 << 5) // (ADC) Sleep Mode
#define AT91C_ADC_SLEEP_NORMAL_MODE ((unsigned int) 0x0 << 5) // (ADC) Normal Mode
#define AT91C_ADC_SLEEP_MODE ((unsigned int) 0x1 << 5) // (ADC) Sleep Mode
#define AT91C_ADC_PRESCAL ((unsigned int) 0x3F << 8) // (ADC) Prescaler rate selection
#define AT91C_ADC_STARTUP ((unsigned int) 0x1F << 16) // (ADC) Startup Time
#define AT91C_ADC_SHTIM ((unsigned int) 0xF << 24) // (ADC) Sample & Hold Time
// -------- ADC_CHER : (ADC Offset: 0x10) ADC Channel Enable Register --------
#define AT91C_ADC_CH0 ((unsigned int) 0x1 << 0) // (ADC) Channel 0
#define AT91C_ADC_CH1 ((unsigned int) 0x1 << 1) // (ADC) Channel 1
#define AT91C_ADC_CH2 ((unsigned int) 0x1 << 2) // (ADC) Channel 2
#define AT91C_ADC_CH3 ((unsigned int) 0x1 << 3) // (ADC) Channel 3
#define AT91C_ADC_CH4 ((unsigned int) 0x1 << 4) // (ADC) Channel 4
#define AT91C_ADC_CH5 ((unsigned int) 0x1 << 5) // (ADC) Channel 5
#define AT91C_ADC_CH6 ((unsigned int) 0x1 << 6) // (ADC) Channel 6
#define AT91C_ADC_CH7 ((unsigned int) 0x1 << 7) // (ADC) Channel 7
// -------- ADC_CHDR : (ADC Offset: 0x14) ADC Channel Disable Register --------
// -------- ADC_CHSR : (ADC Offset: 0x18) ADC Channel Status Register --------
// -------- ADC_SR : (ADC Offset: 0x1c) ADC Status Register --------
#define AT91C_ADC_EOC0 ((unsigned int) 0x1 << 0) // (ADC) End of Conversion
#define AT91C_ADC_EOC1 ((unsigned int) 0x1 << 1) // (ADC) End of Conversion
#define AT91C_ADC_EOC2 ((unsigned int) 0x1 << 2) // (ADC) End of Conversion
#define AT91C_ADC_EOC3 ((unsigned int) 0x1 << 3) // (ADC) End of Conversion
#define AT91C_ADC_EOC4 ((unsigned int) 0x1 << 4) // (ADC) End of Conversion
#define AT91C_ADC_EOC5 ((unsigned int) 0x1 << 5) // (ADC) End of Conversion
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#define AT91C_ADC_EOC6 ((unsigned int) 0x1 << 6) // (ADC) End of Conversion
#define AT91C_ADC_EOC7 ((unsigned int) 0x1 << 7) // (ADC) End of Conversion
#define AT91C_ADC_OVRE0 ((unsigned int) 0x1 << 8) // (ADC) Overrun Error
#define AT91C_ADC_OVRE1 ((unsigned int) 0x1 << 9) // (ADC) Overrun Error
#define AT91C_ADC_OVRE2 ((unsigned int) 0x1 << 10) // (ADC) Overrun Error
#define AT91C_ADC_OVRE3 ((unsigned int) 0x1 << 11) // (ADC) Overrun Error
#define AT91C_ADC_OVRE4 ((unsigned int) 0x1 << 12) // (ADC) Overrun Error
#define AT91C_ADC_OVRE5 ((unsigned int) 0x1 << 13) // (ADC) Overrun Error
#define AT91C_ADC_OVRE6 ((unsigned int) 0x1 << 14) // (ADC) Overrun Error
#define AT91C_ADC_OVRE7 ((unsigned int) 0x1 << 15) // (ADC) Overrun Error
#define AT91C_ADC_DRDY ((unsigned int) 0x1 << 16) // (ADC) Data Ready
#define AT91C_ADC_GOVRE ((unsigned int) 0x1 << 17) // (ADC) General Overrun
#define AT91C_ADC_ENDRX ((unsigned int) 0x1 << 18) // (ADC) End of Receiver Transfer
#define AT91C_ADC_RXBUFF ((unsigned int) 0x1 << 19) // (ADC) RXBUFF Interrupt
// -------- ADC_LCDR : (ADC Offset: 0x20) ADC Last Converted Data Register --------
#define AT91C_ADC_LDATA ((unsigned int) 0x3FF << 0) // (ADC) Last Data Converted
// -------- ADC_IER : (ADC Offset: 0x24) ADC Interrupt Enable Register --------
// -------- ADC_IDR : (ADC Offset: 0x28) ADC Interrupt Disable Register --------
// -------- ADC_IMR : (ADC Offset: 0x2c) ADC Interrupt Mask Register --------
// -------- ADC_CDR0 : (ADC Offset: 0x30) ADC Channel Data Register 0 --------
#define AT91C_ADC_DATA ((unsigned int) 0x3FF << 0) // (ADC) Converted Data
// -------- ADC_CDR1 : (ADC Offset: 0x34) ADC Channel Data Register 1 --------
// -------- ADC_CDR2 : (ADC Offset: 0x38) ADC Channel Data Register 2 --------
// -------- ADC_CDR3 : (ADC Offset: 0x3c) ADC Channel Data Register 3 --------
// -------- ADC_CDR4 : (ADC Offset: 0x40) ADC Channel Data Register 4 --------
// -------- ADC_CDR5 : (ADC Offset: 0x44) ADC Channel Data Register 5 --------
// -------- ADC_CDR6 : (ADC Offset: 0x48) ADC Channel Data Register 6 --------
// -------- ADC_CDR7 : (ADC Offset: 0x4c) ADC Channel Data Register 7 --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Synchronous Serial Controller Interface
// *****************************************************************************
typedef struct _AT91S_SSC {
AT91_REG SSC_CR; // Control Register
AT91_REG SSC_CMR; // Clock Mode Register
AT91_REG Reserved0[2]; //
AT91_REG SSC_RCMR; // Receive Clock ModeRegister
AT91_REG SSC_RFMR; // Receive Frame Mode Register
AT91_REG SSC_TCMR; // Transmit Clock Mode Register
AT91_REG SSC_TFMR; // Transmit Frame Mode Register
AT91_REG SSC_RHR; // Receive Holding Register
AT91_REG SSC_THR; // Transmit Holding Register
AT91_REG Reserved1[2]; //
AT91_REG SSC_RSHR; // Receive Sync Holding Register
AT91_REG SSC_TSHR; // Transmit Sync Holding Register
AT91_REG Reserved2[2]; //
AT91_REG SSC_SR; // Status Register
AT91_REG SSC_IER; // Interrupt Enable Register
AT91_REG SSC_IDR; // Interrupt Disable Register
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AT91_REG SSC_IMR; // Interrupt Mask Register
AT91_REG Reserved3[44]; //
AT91_REG SSC_RPR; // Receive Pointer Register
AT91_REG SSC_RCR; // Receive Counter Register
AT91_REG SSC_TPR; // Transmit Pointer Register
AT91_REG SSC_TCR; // Transmit Counter Register
AT91_REG SSC_RNPR; // Receive Next Pointer Register
AT91_REG SSC_RNCR; // Receive Next Counter Register
AT91_REG SSC_TNPR; // Transmit Next Pointer Register
AT91_REG SSC_TNCR; // Transmit Next Counter Register
AT91_REG SSC_PTCR; // PDC Transfer Control Register
AT91_REG SSC_PTSR; // PDC Transfer Status Register
} AT91S_SSC, *AT91PS_SSC;
// -------- SSC_CR : (SSC Offset: 0x0) SSC Control Register --------
#define AT91C_SSC_RXEN ((unsigned int) 0x1 << 0) // (SSC) Receive Enable
#define AT91C_SSC_RXDIS ((unsigned int) 0x1 << 1) // (SSC) Receive Disable
#define AT91C_SSC_TXEN ((unsigned int) 0x1 << 8) // (SSC) Transmit Enable
#define AT91C_SSC_TXDIS ((unsigned int) 0x1 << 9) // (SSC) Transmit Disable
#define AT91C_SSC_SWRST ((unsigned int) 0x1 << 15) // (SSC) Software Reset
// -------- SSC_RCMR : (SSC Offset: 0x10) SSC Receive Clock Mode Register --------
#define AT91C_SSC_CKS ((unsigned int) 0x3 << 0) // (SSC) Receive/Transmit Clock Selection
#define AT91C_SSC_CKS_DIV ((unsigned int) 0x0) // (SSC) Divided Clock
#define AT91C_SSC_CKS_TK ((unsigned int) 0x1) // (SSC) TK Clock signal
#define AT91C_SSC_CKS_RK ((unsigned int) 0x2) // (SSC) RK pin
#define AT91C_SSC_CKO ((unsigned int) 0x7 << 2) // (SSC) Receive/Transmit Clock Output Mode Selection
#define AT91C_SSC_CKO_NONE ((unsigned int) 0x0 << 2)
// (SSC) Receive/Transmit Clock Output Mode: None RK pin: Input-only
#define AT91C_SSC_CKO_CONTINOUS ((unsigned int) 0x1 << 2)
// (SSC) Continuous Receive/Transmit Clock RK pin: Output
#define AT91C_SSC_CKO_DATA_TX ((unsigned int) 0x2 << 2)
// (SSC) Receive/Transmit Clock only during data transfers RK pin: Output
#define AT91C_SSC_CKI ((unsigned int) 0x1 << 5) // (SSC) Receive/Transmit Clock Inversion
#define AT91C_SSC_START ((unsigned int) 0xF << 8) // (SSC) Receive/Transmit Start Selection
#define AT91C_SSC_START_CONTINOUS ((unsigned int) 0x0 << 8)
// (SSC) Continuous, as soon as the receiver is enabled, and immediately after the end of transfer of the previous data.
#define AT91C_SSC_START_TX ((unsigned int) 0x1 << 8) // (SSC) Transmit/Receive start
#define AT91C_SSC_START_LOW_RF ((unsigned int) 0x2 << 8) // (SSC) Detection of a low level on RF input
#define AT91C_SSC_START_HIGH_RF ((unsigned int) 0x3 << 8) // (SSC) Detection of a high level on RF input
#define AT91C_SSC_START_FALL_RF ((unsigned int) 0x4 << 8) // (SSC) Detection of a falling edge on RF input
#define AT91C_SSC_START_RISE_RF ((unsigned int) 0x5 << 8) // (SSC) Detection of a rising edge on RF input
#define AT91C_SSC_START_LEVEL_RF ((unsigned int) 0x6 << 8) // (SSC) Detection of any level change on RF input
#define AT91C_SSC_START_EDGE_RF ((unsigned int) 0x7 << 8) // (SSC) Detection of any edge on RF input
#define AT91C_SSC_START_0 ((unsigned int) 0x8 << 8) // (SSC) Compare 0
#define AT91C_SSC_STTDLY ((unsigned int) 0xFF << 16) // (SSC) Receive/Transmit Start Delay
#define AT91C_SSC_PERIOD ((unsigned int) 0xFF << 24) // (SSC) Receive/Transmit Period Divider Selection
// -------- SSC_RFMR : (SSC Offset: 0x14) SSC Receive Frame Mode Register --------
#define AT91C_SSC_DATLEN ((unsigned int) 0x1F << 0) // (SSC) Data Length
#define AT91C_SSC_LOOP ((unsigned int) 0x1 << 5) // (SSC) Loop Mode
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#define AT91C_SSC_MSBF ((unsigned int) 0x1 << 7) // (SSC) Most Significant Bit First
#define AT91C_SSC_DATNB ((unsigned int) 0xF << 8) // (SSC) Data Number per Frame
#define AT91C_SSC_FSLEN ((unsigned int) 0xF << 16) // (SSC) Receive/Transmit Frame Sync length
#define AT91C_SSC_FSOS ((unsigned int) 0x7 << 20) // (SSC) Receive/Transmit Frame Sync Output Selection
#define AT91C_SSC_FSOS_NONE ((unsigned int) 0x0 << 20)
// (SSC) Selected Receive/Transmit Frame Sync Signal: None RK pin Input-only
#define AT91C_SSC_FSOS_NEGATIVE ((unsigned int) 0x1 << 20)
// (SSC) Selected Receive/Transmit Frame Sync Signal: Negative Pulse
#define AT91C_SSC_FSOS_POSITIVE ((unsigned int) 0x2 << 20)
// (SSC) Selected Receive/Transmit Frame Sync Signal: Positive Pulse
#define AT91C_SSC_FSOS_LOW ((unsigned int) 0x3 << 20)
// (SSC) Selected Receive/Transmit Frame Sync Signal: Driver Low during data transfer
#define AT91C_SSC_FSOS_HIGH ((unsigned int) 0x4 << 20)
// (SSC) Selected Receive/Transmit Frame Sync Signal: Driver High during data transfer
#define AT91C_SSC_FSOS_TOGGLE ((unsigned int) 0x5 << 20)
// (SSC) Selected Receive/Transmit Frame Sync Signal: Toggling at each start of data transfer
#define AT91C_SSC_FSEDGE ((unsigned int) 0x1 << 24) // (SSC) Frame Sync Edge Detection
// -------- SSC_TCMR : (SSC Offset: 0x18) SSC Transmit Clock Mode Register --------
// -------- SSC_TFMR : (SSC Offset: 0x1c) SSC Transmit Frame Mode Register --------
#define AT91C_SSC_DATDEF ((unsigned int) 0x1 << 5) // (SSC) Data Default Value
#define AT91C_SSC_FSDEN ((unsigned int) 0x1 << 23) // (SSC) Frame Sync Data Enable
// -------- SSC_SR : (SSC Offset: 0x40) SSC Status Register --------
#define AT91C_SSC_TXRDY ((unsigned int) 0x1 << 0) // (SSC) Transmit Ready
#define AT91C_SSC_TXEMPTY ((unsigned int) 0x1 << 1) // (SSC) Transmit Empty
#define AT91C_SSC_ENDTX ((unsigned int) 0x1 << 2) // (SSC) End Of Transmission
#define AT91C_SSC_TXBUFE ((unsigned int) 0x1 << 3) // (SSC) Transmit Buffer Empty
#define AT91C_SSC_RXRDY ((unsigned int) 0x1 << 4) // (SSC) Receive Ready
#define AT91C_SSC_OVRUN ((unsigned int) 0x1 << 5) // (SSC) Receive Overrun
#define AT91C_SSC_ENDRX ((unsigned int) 0x1 << 6) // (SSC) End of Reception
#define AT91C_SSC_RXBUFF ((unsigned int) 0x1 << 7) // (SSC) Receive Buffer Full
#define AT91C_SSC_TXSYN ((unsigned int) 0x1 << 10) // (SSC) Transmit Sync
#define AT91C_SSC_RXSYN ((unsigned int) 0x1 << 11) // (SSC) Receive Sync
#define AT91C_SSC_TXENA ((unsigned int) 0x1 << 16) // (SSC) Transmit Enable
#define AT91C_SSC_RXENA ((unsigned int) 0x1 << 17) // (SSC) Receive Enable
// -------- SSC_IER : (SSC Offset: 0x44) SSC Interrupt Enable Register --------
// -------- SSC_IDR : (SSC Offset: 0x48) SSC Interrupt Disable Register --------
// -------- SSC_IMR : (SSC Offset: 0x4c) SSC Interrupt Mask Register --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Usart
// *****************************************************************************
typedef struct _AT91S_USART {
AT91_REG US_CR; // Control Register
AT91_REG US_MR; // Mode Register
AT91_REG US_IER; // Interrupt Enable Register
AT91_REG US_IDR; // Interrupt Disable Register
AT91_REG US_IMR; // Interrupt Mask Register
AT91_REG US_CSR; // Channel Status Register
AT91_REG US_RHR; // Receiver Holding Register
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AT91_REG US_THR; // Transmitter Holding Register
AT91_REG US_BRGR; // Baud Rate Generator Register
AT91_REG US_RTOR; // Receiver Time-out Register
AT91_REG US_TTGR; // Transmitter Time-guard Register
AT91_REG Reserved0[5]; //
AT91_REG US_FIDI; // FI_DI_Ratio Register
AT91_REG US_NER; // Nb Errors Register
AT91_REG Reserved1[1]; //
AT91_REG US_IF; // IRDA_FILTER Register
AT91_REG Reserved2[44]; //
AT91_REG US_RPR; // Receive Pointer Register
AT91_REG US_RCR; // Receive Counter Register
AT91_REG US_TPR; // Transmit Pointer Register
AT91_REG US_TCR; // Transmit Counter Register
AT91_REG US_RNPR; // Receive Next Pointer Register
AT91_REG US_RNCR; // Receive Next Counter Register
AT91_REG US_TNPR; // Transmit Next Pointer Register
AT91_REG US_TNCR; // Transmit Next Counter Register
AT91_REG US_PTCR; // PDC Transfer Control Register
AT91_REG US_PTSR; // PDC Transfer Status Register
} AT91S_USART, *AT91PS_USART;
// -------- US_CR : (USART Offset: 0x0) Debug Unit Control Register --------
#define AT91C_US_STTBRK ((unsigned int) 0x1 << 9) // (USART) Start Break
#define AT91C_US_STPBRK ((unsigned int) 0x1 << 10) // (USART) Stop Break
#define AT91C_US_STTTO ((unsigned int) 0x1 << 11) // (USART) Start Time-out
#define AT91C_US_SENDA ((unsigned int) 0x1 << 12) // (USART) Send Address
#define AT91C_US_RSTIT ((unsigned int) 0x1 << 13) // (USART) Reset Iterations
#define AT91C_US_RSTNACK ((unsigned int) 0x1 << 14) // (USART) Reset Non Acknowledge
#define AT91C_US_RETTO ((unsigned int) 0x1 << 15) // (USART) Rearm Time-out
#define AT91C_US_DTREN ((unsigned int) 0x1 << 16) // (USART) Data Terminal ready Enable
#define AT91C_US_DTRDIS ((unsigned int) 0x1 << 17) // (USART) Data Terminal ready Disable
#define AT91C_US_RTSEN ((unsigned int) 0x1 << 18) // (USART) Request to Send enable
#define AT91C_US_RTSDIS ((unsigned int) 0x1 << 19) // (USART) Request to Send Disable
// -------- US_MR : (USART Offset: 0x4) Debug Unit Mode Register --------
#define AT91C_US_USMODE ((unsigned int) 0xF << 0) // (USART) Usart mode
#define AT91C_US_USMODE_NORMAL ((unsigned int) 0x0) // (USART) Normal
#define AT91C_US_USMODE_RS485 ((unsigned int) 0x1) // (USART) RS485
#define AT91C_US_USMODE_HWHSH ((unsigned int) 0x2) // (USART) Hardware Handshaking
#define AT91C_US_USMODE_MODEM ((unsigned int) 0x3) // (USART) Modem
#define AT91C_US_USMODE_ISO7816_0 ((unsigned int) 0x4) // (USART) ISO7816 protocol: T = 0
#define AT91C_US_USMODE_ISO7816_1 ((unsigned int) 0x6) // (USART) ISO7816 protocol: T = 1
#define AT91C_US_USMODE_IRDA ((unsigned int) 0x8) // (USART) IrDA
#define AT91C_US_USMODE_SWHSH ((unsigned int) 0xC) // (USART) Software Handshaking
#define AT91C_US_CLKS ((unsigned int) 0x3 << 4)
// (USART) Clock Selection (Baud Rate generator Input Clock
#define AT91C_US_CLKS_CLOCK ((unsigned int) 0x0 << 4) // (USART) Clock
#define AT91C_US_CLKS_FDIV1 ((unsigned int) 0x1 << 4) // (USART) fdiv1
#define AT91C_US_CLKS_SLOW ((unsigned int) 0x2 << 4) // (USART) slow_clock (ARM)
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#define AT91C_US_CLKS_EXT ((unsigned int) 0x3 << 4) // (USART) External (SCK)
#define AT91C_US_CHRL ((unsigned int) 0x3 << 6)
// (USART) Clock Selection (Baud Rate generator Input Clock
#define AT91C_US_CHRL_5_BITS ((unsigned int) 0x0 << 6) // (USART) Character Length: 5 bits
#define AT91C_US_CHRL_6_BITS ((unsigned int) 0x1 << 6) // (USART) Character Length: 6 bits
#define AT91C_US_CHRL_7_BITS ((unsigned int) 0x2 << 6) // (USART) Character Length: 7 bits
#define AT91C_US_CHRL_8_BITS ((unsigned int) 0x3 << 6) // (USART) Character Length: 8 bits
#define AT91C_US_SYNC ((unsigned int) 0x1 << 8) // (USART) Synchronous Mode Select
#define AT91C_US_ASYNC ((unsigned int) 0x0 << 8) // (USART) Asynchronous Mode Select
#define AT91C_US_NBSTOP ((unsigned int) 0x3 << 12) // (USART) Number of Stop bits
#define AT91C_US_NBSTOP_1_BIT ((unsigned int) 0x0 << 12) // (USART) 1 stop bit
#define AT91C_US_NBSTOP_15_BIT ((unsigned int) 0x1 << 12)
// (USART) Asynchronous (SYNC=0) 2 stop bits Synchronous (SYNC=1) 2 stop bits
#define AT91C_US_NBSTOP_2_BIT ((unsigned int) 0x2 << 12) // (USART) 2 stop bits
#define AT91C_US_MSBF ((unsigned int) 0x1 << 16) // (USART) Bit Order
#define AT91C_US_LSBF ((unsigned int) 0x0 << 16) // (USART) Bit Order
#define AT91C_US_MODE9 ((unsigned int) 0x1 << 17) // (USART) 9-bit Character length
#define AT91C_US_CKLO ((unsigned int) 0x1 << 18) // (USART) Clock Output Select
#define AT91C_US_OVER ((unsigned int) 0x1 << 19) // (USART) Over Sampling Mode
#define AT91C_US_INACK ((unsigned int) 0x1 << 20) // (USART) Inhibit Non Acknowledge
#define AT91C_US_DSNACK ((unsigned int) 0x1 << 21) // (USART) Disable Successive NACK
#define AT91C_US_MAX_ITER ((unsigned int) 0x1 << 24) // (USART) Number of Repetitions
#define AT91C_US_FILTER ((unsigned int) 0x1 << 28) // (USART) Receive Line Filter
// -------- US_IER : (USART Offset: 0x8) Debug Unit Interrupt Enable Register --------
#define AT91C_US_RXBRK ((unsigned int) 0x1 << 2) // (USART) Break Received/End of Break
#define AT91C_US_TIMEOUT ((unsigned int) 0x1 << 8) // (USART) Receiver Time-out
#define AT91C_US_ITERATION ((unsigned int) 0x1 << 10) // (USART) Max number of Repetitions Reached
#define AT91C_US_NACK ((unsigned int) 0x1 << 13) // (USART) Non Acknowledge
#define AT91C_US_RIIC ((unsigned int) 0x1 << 16) // (USART) Ring INdicator Input Change Flag
#define AT91C_US_DSRIC ((unsigned int) 0x1 << 17) // (USART) Data Set Ready Input Change Flag
#define AT91C_US_DCDIC ((unsigned int) 0x1 << 18) // (USART) Data Carrier Flag
#define AT91C_US_CTSIC ((unsigned int) 0x1 << 19) // (USART) Clear To Send Input Change Flag
// -------- US_IDR : (USART Offset: 0xc) Debug Unit Interrupt Disable Register --------
// -------- US_IMR : (USART Offset: 0x10) Debug Unit Interrupt Mask Register --------
// -------- US_CSR : (USART Offset: 0x14) Debug Unit Channel Status Register --------
#define AT91C_US_RI ((unsigned int) 0x1 << 20) // (USART) Image of RI Input
#define AT91C_US_DSR ((unsigned int) 0x1 << 21) // (USART) Image of DSR Input
#define AT91C_US_DCD ((unsigned int) 0x1 << 22) // (USART) Image of DCD Input
#define AT91C_US_CTS ((unsigned int) 0x1 << 23) // (USART) Image of CTS Input
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Two-wire Interface
// *****************************************************************************
typedef struct _AT91S_TWI {
AT91_REG TWI_CR; // Control Register
AT91_REG TWI_MMR; // Master Mode Register
AT91_REG Reserved0[1]; //
AT91_REG TWI_IADR; // Internal Address Register
AT91_REG TWI_CWGR; // Clock Waveform Generator Register
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AT91_REG Reserved1[3]; //
AT91_REG TWI_SR; // Status Register
AT91_REG TWI_IER; // Interrupt Enable Register
AT91_REG TWI_IDR; // Interrupt Disable Register
AT91_REG TWI_IMR; // Interrupt Mask Register
AT91_REG TWI_RHR; // Receive Holding Register
AT91_REG TWI_THR; // Transmit Holding Register
} AT91S_TWI, *AT91PS_TWI;
// -------- TWI_CR : (TWI Offset: 0x0) TWI Control Register --------
#define AT91C_TWI_START ((unsigned int) 0x1 << 0) // (TWI) Send a START Condition
#define AT91C_TWI_STOP ((unsigned int) 0x1 << 1) // (TWI) Send a STOP Condition
#define AT91C_TWI_MSEN ((unsigned int) 0x1 << 2) // (TWI) TWI Master Transfer Enabled
#define AT91C_TWI_MSDIS ((unsigned int) 0x1 << 3) // (TWI) TWI Master Transfer Disabled
#define AT91C_TWI_SWRST ((unsigned int) 0x1 << 7) // (TWI) Software Reset
// -------- TWI_MMR : (TWI Offset: 0x4) TWI Master Mode Register --------
#define AT91C_TWI_IADRSZ ((unsigned int) 0x3 << 8) // (TWI) Internal Device Address Size
#define AT91C_TWI_IADRSZ_NO ((unsigned int) 0x0 << 8)
// (TWI) No internal device address
#define AT91C_TWI_IADRSZ_1_BYTE ((unsigned int) 0x1 << 8)
// (TWI) One-byte internal device address
#define AT91C_TWI_IADRSZ_2_BYTE ((unsigned int) 0x2 << 8)
// (TWI) Two-byte internal device address
#define AT91C_TWI_IADRSZ_3_BYTE ((unsigned int) 0x3 << 8)
// (TWI) Three-byte internal device address
#define AT91C_TWI_MREAD ((unsigned int) 0x1 << 12) // (TWI) Master Read Direction
#define AT91C_TWI_DADR ((unsigned int) 0x7F << 16) // (TWI) Device Address
// -------- TWI_CWGR : (TWI Offset: 0x10) TWI Clock Waveform Generator Register --------
#define AT91C_TWI_CLDIV ((unsigned int) 0xFF << 0) // (TWI) Clock Low Divider
#define AT91C_TWI_CHDIV ((unsigned int) 0xFF << 8) // (TWI) Clock High Divider
#define AT91C_TWI_CKDIV ((unsigned int) 0x7 << 16) // (TWI) Clock Divider
// -------- TWI_SR : (TWI Offset: 0x20) TWI Status Register --------
#define AT91C_TWI_TXCOMP ((unsigned int) 0x1 << 0) // (TWI) Transmission Completed
#define AT91C_TWI_RXRDY ((unsigned int) 0x1 << 1) // (TWI) Receive holding register ReaDY
#define AT91C_TWI_TXRDY ((unsigned int) 0x1 << 2) // (TWI) Transmit holding register ReaDY
#define AT91C_TWI_OVRE ((unsigned int) 0x1 << 6) // (TWI) Overrun Error
#define AT91C_TWI_UNRE ((unsigned int) 0x1 << 7) // (TWI) Underrun Error
#define AT91C_TWI_NACK ((unsigned int) 0x1 << 8) // (TWI) Not Acknowledged
// -------- TWI_IER : (TWI Offset: 0x24) TWI Interrupt Enable Register --------
// -------- TWI_IDR : (TWI Offset: 0x28) TWI Interrupt Disable Register --------
// -------- TWI_IMR : (TWI Offset: 0x2c) TWI Interrupt Mask Register --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Timer Counter Channel Interface
// *****************************************************************************
typedef struct _AT91S_TC {
AT91_REG TC_CCR; // Channel Control Register
AT91_REG TC_CMR; // Channel Mode Register (Capture Mode / Waveform Mode)
AT91_REG Reserved0[2]; //
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AT91_REG TC_CV; // Counter Value
AT91_REG TC_RA; // Register A
AT91_REG TC_RB; // Register B
AT91_REG TC_RC; // Register C
AT91_REG TC_SR; // Status Register
AT91_REG TC_IER; // Interrupt Enable Register
AT91_REG TC_IDR; // Interrupt Disable Register
AT91_REG TC_IMR; // Interrupt Mask Register
} AT91S_TC, *AT91PS_TC;
// -------- TC_CCR : (TC Offset: 0x0) TC Channel Control Register --------
#define AT91C_TC_CLKEN ((unsigned int) 0x1 << 0) // (TC) Counter Clock Enable Command
#define AT91C_TC_CLKDIS ((unsigned int) 0x1 << 1) // (TC) Counter Clock Disable Command
#define AT91C_TC_SWTRG ((unsigned int) 0x1 << 2) // (TC) Software Trigger Command
// -------- TC_CMR : (TC Offset: 0x4) TC Channel Mode Register: Capture Mode / Waveform Mode --------
#define AT91C_TC_CLKS ((unsigned int) 0x7 << 0) // (TC) Clock Selection
#define AT91C_TC_CLKS_TIMER_DIV1_CLOCK ((unsigned int) 0x0) // (TC) Clock selected: TIMER_DIV1_CLOCK
#define AT91C_TC_CLKS_TIMER_DIV2_CLOCK ((unsigned int) 0x1) // (TC) Clock selected: TIMER_DIV2_CLOCK
#define AT91C_TC_CLKS_TIMER_DIV3_CLOCK ((unsigned int) 0x2) // (TC) Clock selected: TIMER_DIV3_CLOCK
#define AT91C_TC_CLKS_TIMER_DIV4_CLOCK ((unsigned int) 0x3) // (TC) Clock selected: TIMER_DIV4_CLOCK
#define AT91C_TC_CLKS_TIMER_DIV5_CLOCK ((unsigned int) 0x4) // (TC) Clock selected: TIMER_DIV5_CLOCK
#define AT91C_TC_CLKS_XC0 ((unsigned int) 0x5) // (TC) Clock selected: XC0
#define AT91C_TC_CLKS_XC1 ((unsigned int) 0x6) // (TC) Clock selected: XC1
#define AT91C_TC_CLKS_XC2 ((unsigned int) 0x7) // (TC) Clock selected: XC2
#define AT91C_TC_CLKI ((unsigned int) 0x1 << 3) // (TC) Clock Invert
#define AT91C_TC_BURST ((unsigned int) 0x3 << 4) // (TC) Burst Signal Selection
#define AT91C_TC_BURST_NONE ((unsigned int) 0x0 << 4)
// (TC) The clock is not gated by an external signal
#define AT91C_TC_BURST_XC0 ((unsigned int) 0x1 << 4)
// (TC) XC0 is ANDed with the selected clock
#define AT91C_TC_BURST_XC1 ((unsigned int) 0x2 << 4)
// (TC) XC1 is ANDed with the selected clock
#define AT91C_TC_BURST_XC2 ((unsigned int) 0x3 << 4)
// (TC) XC2 is ANDed with the selected clock
#define AT91C_TC_CPCSTOP ((unsigned int) 0x1 << 6) // (TC) Counter Clock Stopped with RC Compare
#define AT91C_TC_LDBSTOP ((unsigned int) 0x1 << 6) // (TC) Counter Clock Stopped with RB Loading
#define AT91C_TC_CPCDIS ((unsigned int) 0x1 << 7) // (TC) Counter Clock Disable with RC Compare
#define AT91C_TC_LDBDIS ((unsigned int) 0x1 << 7) // (TC) Counter Clock Disabled with RB Loading
#define AT91C_TC_ETRGEDG ((unsigned int) 0x3 << 8) // (TC) External Trigger Edge Selection
#define AT91C_TC_ETRGEDG_NONE ((unsigned int) 0x0 << 8) // (TC) Edge: None
#define AT91C_TC_ETRGEDG_RISING ((unsigned int) 0x1 << 8) // (TC) Edge: rising edge
#define AT91C_TC_ETRGEDG_FALLING ((unsigned int) 0x2 << 8) // (TC) Edge: falling edge
#define AT91C_TC_ETRGEDG_BOTH ((unsigned int) 0x3 << 8) // (TC) Edge: each edge
#define AT91C_TC_EEVTEDG ((unsigned int) 0x3 << 8) // (TC) External Event Edge Selection
#define AT91C_TC_EEVTEDG_NONE ((unsigned int) 0x0 << 8) // (TC) Edge: None
#define AT91C_TC_EEVTEDG_RISING ((unsigned int) 0x1 << 8) // (TC) Edge: rising edge
#define AT91C_TC_EEVTEDG_FALLING ((unsigned int) 0x2 << 8) // (TC) Edge: falling edge
#define AT91C_TC_EEVTEDG_BOTH ((unsigned int) 0x3 << 8) // (TC) Edge: each edge
#define AT91C_TC_EEVT ((unsigned int) 0x3 << 10) // (TC) External Event Selection
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#define AT91C_TC_EEVT_TIOB ((unsigned int) 0x0 << 10)
// (TC) Signal selected as external event: TIOB TIOB direction: input
#define AT91C_TC_EEVT_XC0 ((unsigned int) 0x1 << 10)
// (TC) Signal selected as external event: XC0 TIOB direction: output
#define AT91C_TC_EEVT_XC1 ((unsigned int) 0x2 << 10)
// (TC) Signal selected as external event: XC1 TIOB direction: output
#define AT91C_TC_EEVT_XC2 ((unsigned int) 0x3 << 10)
// (TC) Signal selected as external event: XC2 TIOB direction: output
#define AT91C_TC_ABETRG ((unsigned int) 0x1 << 10) // (TC) TIOA or TIOB External Trigger Selection
#define AT91C_TC_ENETRG ((unsigned int) 0x1 << 12) // (TC) External Event Trigger enable
#define AT91C_TC_WAVESEL ((unsigned int) 0x3 << 13) // (TC) Waveform Selection
#define AT91C_TC_WAVESEL_UP ((unsigned int) 0x0 << 13)
// (TC) UP mode without atomatic trigger on RC Compare
#define AT91C_TC_WAVESEL_UPDOWN ((unsigned int) 0x1 << 13)
// (TC) UPDOWN mode without automatic trigger on RC Compare
#define AT91C_TC_WAVESEL_UP_AUTO ((unsigned int) 0x2 << 13)
// (TC) UP mode with automatic trigger on RC Compare
#define AT91C_TC_WAVESEL_UPDOWN_AUTO ((unsigned int) 0x3 << 13)
// (TC) UPDOWN mode with automatic trigger on RC Compare
#define AT91C_TC_CPCTRG ((unsigned int) 0x1 << 14) // (TC) RC Compare Trigger Enable
#define AT91C_TC_WAVE ((unsigned int) 0x1 << 15) // (TC)
#define AT91C_TC_ACPA ((unsigned int) 0x3 << 16) // (TC) RA Compare Effect on TIOA
#define AT91C_TC_ACPA_NONE ((unsigned int) 0x0 << 16) // (TC) Effect: none
#define AT91C_TC_ACPA_SET ((unsigned int) 0x1 << 16) // (TC) Effect: set
#define AT91C_TC_ACPA_CLEAR ((unsigned int) 0x2 << 16) // (TC) Effect: clear
#define AT91C_TC_ACPA_TOGGLE ((unsigned int) 0x3 << 16) // (TC) Effect: toggle
#define AT91C_TC_LDRA ((unsigned int) 0x3 << 16) // (TC) RA Loading Selection
#define AT91C_TC_LDRA_NONE ((unsigned int) 0x0 << 16) // (TC) Edge: None
#define AT91C_TC_LDRA_RISING ((unsigned int) 0x1 << 16) // (TC) Edge: rising edge of TIOA
#define AT91C_TC_LDRA_FALLING ((unsigned int) 0x2 << 16) // (TC) Edge: falling edge of TIOA
#define AT91C_TC_LDRA_BOTH ((unsigned int) 0x3 << 16) // (TC) Edge: each edge of TIOA
#define AT91C_TC_ACPC ((unsigned int) 0x3 << 18) // (TC) RC Compare Effect on TIOA
#define AT91C_TC_ACPC_NONE ((unsigned int) 0x0 << 18) // (TC) Effect: none
#define AT91C_TC_ACPC_SET ((unsigned int) 0x1 << 18) // (TC) Effect: set
#define AT91C_TC_ACPC_CLEAR ((unsigned int) 0x2 << 18) // (TC) Effect: clear
#define AT91C_TC_ACPC_TOGGLE ((unsigned int) 0x3 << 18) // (TC) Effect: toggle
#define AT91C_TC_LDRB ((unsigned int) 0x3 << 18) // (TC) RB Loading Selection
#define AT91C_TC_LDRB_NONE ((unsigned int) 0x0 << 18) // (TC) Edge: None
#define AT91C_TC_LDRB_RISING ((unsigned int) 0x1 << 18) // (TC) Edge: rising edge of TIOA
#define AT91C_TC_LDRB_FALLING ((unsigned int) 0x2 << 18) // (TC) Edge: falling edge of TIOA
#define AT91C_TC_LDRB_BOTH ((unsigned int) 0x3 << 18) // (TC) Edge: each edge of TIOA
#define AT91C_TC_AEEVT ((unsigned int) 0x3 << 20) // (TC) External Event Effect on TIOA
#define AT91C_TC_AEEVT_NONE ((unsigned int) 0x0 << 20) // (TC) Effect: none
#define AT91C_TC_AEEVT_SET ((unsigned int) 0x1 << 20) // (TC) Effect: set
#define AT91C_TC_AEEVT_CLEAR ((unsigned int) 0x2 << 20) // (TC) Effect: clear
#define AT91C_TC_AEEVT_TOGGLE ((unsigned int) 0x3 << 20) // (TC) Effect: toggle
#define AT91C_TC_ASWTRG ((unsigned int) 0x3 << 22) // (TC) Software Trigger Effect on TIOA
#define AT91C_TC_ASWTRG_NONE ((unsigned int) 0x0 << 22) // (TC) Effect: none
#define AT91C_TC_ASWTRG_SET ((unsigned int) 0x1 << 22) // (TC) Effect: set
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#define AT91C_TC_ASWTRG_CLEAR ((unsigned int) 0x2 << 22) // (TC) Effect: clear
#define AT91C_TC_ASWTRG_TOGGLE ((unsigned int) 0x3 << 22) // (TC) Effect: toggle
#define AT91C_TC_BCPB ((unsigned int) 0x3 << 24) // (TC) RB Compare Effect on TIOB
#define AT91C_TC_BCPB_NONE ((unsigned int) 0x0 << 24) // (TC) Effect: none
#define AT91C_TC_BCPB_SET ((unsigned int) 0x1 << 24) // (TC) Effect: set
#define AT91C_TC_BCPB_CLEAR ((unsigned int) 0x2 << 24) // (TC) Effect: clear
#define AT91C_TC_BCPB_TOGGLE ((unsigned int) 0x3 << 24) // (TC) Effect: toggle
#define AT91C_TC_BCPC ((unsigned int) 0x3 << 26) // (TC) RC Compare Effect on TIOB
#define AT91C_TC_BCPC_NONE ((unsigned int) 0x0 << 26) // (TC) Effect: none
#define AT91C_TC_BCPC_SET ((unsigned int) 0x1 << 26) // (TC) Effect: set
#define AT91C_TC_BCPC_CLEAR ((unsigned int) 0x2 << 26) // (TC) Effect: clear
#define AT91C_TC_BCPC_TOGGLE ((unsigned int) 0x3 << 26) // (TC) Effect: toggle
#define AT91C_TC_BEEVT ((unsigned int) 0x3 << 28) // (TC) External Event Effect on TIOB
#define AT91C_TC_BEEVT_NONE ((unsigned int) 0x0 << 28) // (TC) Effect: none
#define AT91C_TC_BEEVT_SET ((unsigned int) 0x1 << 28) // (TC) Effect: set
#define AT91C_TC_BEEVT_CLEAR ((unsigned int) 0x2 << 28) // (TC) Effect: clear
#define AT91C_TC_BEEVT_TOGGLE ((unsigned int) 0x3 << 28) // (TC) Effect: toggle
#define AT91C_TC_BSWTRG ((unsigned int) 0x3 << 30) // (TC) Software Trigger Effect on TIOB
#define AT91C_TC_BSWTRG_NONE ((unsigned int) 0x0 << 30) // (TC) Effect: none
#define AT91C_TC_BSWTRG_SET ((unsigned int) 0x1 << 30) // (TC) Effect: set
#define AT91C_TC_BSWTRG_CLEAR ((unsigned int) 0x2 << 30) // (TC) Effect: clear
#define AT91C_TC_BSWTRG_TOGGLE ((unsigned int) 0x3 << 30) // (TC) Effect: toggle
// -------- TC_SR : (TC Offset: 0x20) TC Channel Status Register --------
#define AT91C_TC_COVFS ((unsigned int) 0x1 << 0) // (TC) Counter Overflow
#define AT91C_TC_LOVRS ((unsigned int) 0x1 << 1) // (TC) Load Overrun
#define AT91C_TC_CPAS ((unsigned int) 0x1 << 2) // (TC) RA Compare
#define AT91C_TC_CPBS ((unsigned int) 0x1 << 3) // (TC) RB Compare
#define AT91C_TC_CPCS ((unsigned int) 0x1 << 4) // (TC) RC Compare
#define AT91C_TC_LDRAS ((unsigned int) 0x1 << 5) // (TC) RA Loading
#define AT91C_TC_LDRBS ((unsigned int) 0x1 << 6) // (TC) RB Loading
#define AT91C_TC_ETRGS ((unsigned int) 0x1 << 7) // (TC) External Trigger
#define AT91C_TC_CLKSTA ((unsigned int) 0x1 << 16) // (TC) Clock Enabling
#define AT91C_TC_MTIOA ((unsigned int) 0x1 << 17) // (TC) TIOA Mirror
#define AT91C_TC_MTIOB ((unsigned int) 0x1 << 18) // (TC) TIOA Mirror
// -------- TC_IER : (TC Offset: 0x24) TC Channel Interrupt Enable Register --------
// -------- TC_IDR : (TC Offset: 0x28) TC Channel Interrupt Disable Register --------
// -------- TC_IMR : (TC Offset: 0x2c) TC Channel Interrupt Mask Register --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Timer Counter Interface
// *****************************************************************************
typedef struct _AT91S_TCB {
AT91S_TC TCB_TC0; // TC Channel 0
AT91_REG Reserved0[4]; //
AT91S_TC TCB_TC1; // TC Channel 1
AT91_REG Reserved1[4]; //
AT91S_TC TCB_TC2; // TC Channel 2
AT91_REG Reserved2[4]; //
AT91_REG TCB_BCR; // TC Block Control Register
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AT91_REG TCB_BMR; // TC Block Mode Register
} AT91S_TCB, *AT91PS_TCB;
// -------- TCB_BCR : (TCB Offset: 0xc0) TC Block Control Register --------
#define AT91C_TCB_SYNC ((unsigned int) 0x1 << 0) // (TCB) Synchro Command
// -------- TCB_BMR : (TCB Offset: 0xc4) TC Block Mode Register --------
#define AT91C_TCB_TC0XC0S ((unsigned int) 0x3 << 0) // (TCB) External Clock Signal 0 Selection
#define AT91C_TCB_TC0XC0S_TCLK0 ((unsigned int) 0x0) // (TCB) TCLK0 connected to XC0
#define AT91C_TCB_TC0XC0S_NONE ((unsigned int) 0x1) // (TCB) None signal connected to XC0
#define AT91C_TCB_TC0XC0S_TIOA1 ((unsigned int) 0x2) // (TCB) TIOA1 connected to XC0
#define AT91C_TCB_TC0XC0S_TIOA2 ((unsigned int) 0x3) // (TCB) TIOA2 connected to XC0
#define AT91C_TCB_TC1XC1S ((unsigned int) 0x3 << 2) // (TCB) External Clock Signal 1 Selection
#define AT91C_TCB_TC1XC1S_TCLK1 ((unsigned int) 0x0 << 2) // (TCB) TCLK1 connected to XC1
#define AT91C_TCB_TC1XC1S_NONE ((unsigned int) 0x1 << 2) // (TCB) None signal connected to XC1
#define AT91C_TCB_TC1XC1S_TIOA0 ((unsigned int) 0x2 << 2) // (TCB) TIOA0 connected to XC1
#define AT91C_TCB_TC1XC1S_TIOA2 ((unsigned int) 0x3 << 2) // (TCB) TIOA2 connected to XC1
#define AT91C_TCB_TC2XC2S ((unsigned int) 0x3 << 4) // (TCB) External Clock Signal 2 Selection
#define AT91C_TCB_TC2XC2S_TCLK2 ((unsigned int) 0x0 << 4) // (TCB) TCLK2 connected to XC2
#define AT91C_TCB_TC2XC2S_NONE ((unsigned int) 0x1 << 4) // (TCB) None signal connected to XC2
#define AT91C_TCB_TC2XC2S_TIOA0 ((unsigned int) 0x2 << 4) // (TCB) TIOA0 connected to XC2
#define AT91C_TCB_TC2XC2S_TIOA1 ((unsigned int) 0x3 << 4) // (TCB) TIOA2 connected to XC2
// *****************************************************************************
// SOFTWARE API DEFINITION FOR PWMC Channel Interface
// *****************************************************************************
typedef struct _AT91S_PWMC_CH {
AT91_REG PWMC_CMR; // Channel Mode Register
AT91_REG PWMC_CDTYR; // Channel Duty Cycle Register
AT91_REG PWMC_CPRDR; // Channel Period Register
AT91_REG PWMC_CCNTR; // Channel Counter Register
AT91_REG PWMC_CUPDR; // Channel Update Register
AT91_REG PWMC_Reserved[3]; // Reserved
} AT91S_PWMC_CH, *AT91PS_PWMC_CH;
// -------- PWMC_CMR : (PWMC_CH Offset: 0x0) PWMC Channel Mode Register --------
#define AT91C_PWMC_CPRE ((unsigned int) 0xF << 0) // (PWMC_CH) Channel Pre-scaler : PWMC_CLKx
#define AT91C_PWMC_CPRE_MCK ((unsigned int) 0x0) // (PWMC_CH)
#define AT91C_PWMC_CPRE_MCKA ((unsigned int) 0xB) // (PWMC_CH)
#define AT91C_PWMC_CPRE_MCKB ((unsigned int) 0xC) // (PWMC_CH)
#define AT91C_PWMC_CALG ((unsigned int) 0x1 << 8) // (PWMC_CH) Channel Alignment
#define AT91C_PWMC_CPOL ((unsigned int) 0x1 << 9) // (PWMC_CH) Channel Polarity
#define AT91C_PWMC_CPD ((unsigned int) 0x1 << 10) // (PWMC_CH) Channel Update Period
// -------- PWMC_CDTYR : (PWMC_CH Offset: 0x4) PWMC Channel Duty Cycle Register --------
#define AT91C_PWMC_CDTY ((unsigned int) 0x0 << 0) // (PWMC_CH) Channel Duty Cycle
// -------- PWMC_CPRDR : (PWMC_CH Offset: 0x8) PWMC Channel Period Register --------
#define AT91C_PWMC_CPRD ((unsigned int) 0x0 << 0) // (PWMC_CH) Channel Period
// -------- PWMC_CCNTR : (PWMC_CH Offset: 0xc) PWMC Channel Counter Register --------
#define AT91C_PWMC_CCNT ((unsigned int) 0x0 << 0) // (PWMC_CH) Channel Counter
// -------- PWMC_CUPDR : (PWMC_CH Offset: 0x10) PWMC Channel Update Register --------
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#define AT91C_PWMC_CUPD ((unsigned int) 0x0 << 0) // (PWMC_CH) Channel Update
// *****************************************************************************
// SOFTWARE API DEFINITION FOR Pulse Width Modulation Controller Interface
// *****************************************************************************
typedef struct _AT91S_PWMC {
AT91_REG PWMC_MR; // PWMC Mode Register
AT91_REG PWMC_ENA; // PWMC Enable Register
AT91_REG PWMC_DIS; // PWMC Disable Register
AT91_REG PWMC_SR; // PWMC Status Register
AT91_REG PWMC_IER; // PWMC Interrupt Enable Register
AT91_REG PWMC_IDR; // PWMC Interrupt Disable Register
AT91_REG PWMC_IMR; // PWMC Interrupt Mask Register
AT91_REG PWMC_ISR; // PWMC Interrupt Status Register
AT91_REG Reserved0[55]; //
AT91_REG PWMC_VR; // PWMC Version Register
AT91_REG Reserved1[64]; //
AT91S_PWMC_CH PWMC_CH[32]; // PWMC Channel 0
} AT91S_PWMC, *AT91PS_PWMC;
// -------- PWMC_MR : (PWMC Offset: 0x0) PWMC Mode Register --------
#define AT91C_PWMC_DIVA ((unsigned int) 0xFF << 0) // (PWMC) CLKA divide factor.
#define AT91C_PWMC_PREA ((unsigned int) 0xF << 8) // (PWMC) Divider Input Clock Prescaler A
#define AT91C_PWMC_PREA_MCK ((unsigned int) 0x0 << 8) // (PWMC)
#define AT91C_PWMC_DIVB ((unsigned int) 0xFF << 16) // (PWMC) CLKB divide factor.
#define AT91C_PWMC_PREB ((unsigned int) 0xF << 24) // (PWMC) Divider Input Clock Prescaler B
#define AT91C_PWMC_PREB_MCK ((unsigned int) 0x0 << 24) // (PWMC)
// -------- PWMC_ENA : (PWMC Offset: 0x4) PWMC Enable Register --------
#define AT91C_PWMC_CHID0 ((unsigned int) 0x1 << 0) // (PWMC) Channel ID 0
#define AT91C_PWMC_CHID1 ((unsigned int) 0x1 << 1) // (PWMC) Channel ID 1
#define AT91C_PWMC_CHID2 ((unsigned int) 0x1 << 2) // (PWMC) Channel ID 2
#define AT91C_PWMC_CHID3 ((unsigned int) 0x1 << 3) // (PWMC) Channel ID 3
#define AT91C_PWMC_CHID4 ((unsigned int) 0x1 << 4) // (PWMC) Channel ID 4
#define AT91C_PWMC_CHID5 ((unsigned int) 0x1 << 5) // (PWMC) Channel ID 5
#define AT91C_PWMC_CHID6 ((unsigned int) 0x1 << 6) // (PWMC) Channel ID 6
#define AT91C_PWMC_CHID7 ((unsigned int) 0x1 << 7) // (PWMC) Channel ID 7
// -------- PWMC_DIS : (PWMC Offset: 0x8) PWMC Disable Register --------
// -------- PWMC_SR : (PWMC Offset: 0xc) PWMC Status Register --------
// -------- PWMC_IER : (PWMC Offset: 0x10) PWMC Interrupt Enable Register --------
// -------- PWMC_IDR : (PWMC Offset: 0x14) PWMC Interrupt Disable Register --------
// -------- PWMC_IMR : (PWMC Offset: 0x18) PWMC Interrupt Mask Register --------
// -------- PWMC_ISR : (PWMC Offset: 0x1c) PWMC Interrupt Status Register --------
// *****************************************************************************
// SOFTWARE API DEFINITION FOR USB Device Interface
// *****************************************************************************
typedef struct _AT91S_UDP {
AT91_REG UDP_NUM; // Frame Number Register
AT91_REG UDP_GLBSTATE; // Global State Register
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AT91_REG UDP_FADDR; // Function Address Register
AT91_REG Reserved0[1]; //
AT91_REG UDP_IER; // Interrupt Enable Register
AT91_REG UDP_IDR; // Interrupt Disable Register
AT91_REG UDP_IMR; // Interrupt Mask Register
AT91_REG UDP_ISR; // Interrupt Status Register
AT91_REG UDP_ICR; // Interrupt Clear Register
AT91_REG Reserved1[1]; //
AT91_REG UDP_RSTEP; // Reset Endpoint Register
AT91_REG Reserved2[1]; //
AT91_REG UDP_CSR[8]; // Endpoint Control and Status Register
AT91_REG UDP_FDR[8]; // Endpoint FIFO Data Register
AT91_REG Reserved3[1]; //
AT91_REG UDP_TXVC; // Transceiver Control Register
} AT91S_UDP, *AT91PS_UDP;
// -------- UDP_FRM_NUM : (UDP Offset: 0x0) USB Frame Number Register --------
#define AT91C_UDP_FRM_NUM ((unsigned int) 0x7FF << 0) // (UDP) Frame Number as Defined in the Packet Field Formats
#define AT91C_UDP_FRM_ERR ((unsigned int) 0x1 << 16) // (UDP) Frame Error
#define AT91C_UDP_FRM_OK ((unsigned int) 0x1 << 17) // (UDP) Frame OK
// -------- UDP_GLB_STATE : (UDP Offset: 0x4) USB Global State Register --------
#define AT91C_UDP_FADDEN ((unsigned int) 0x1 << 0) // (UDP) Function Address Enable
#define AT91C_UDP_CONFG ((unsigned int) 0x1 << 1) // (UDP) Configured
#define AT91C_UDP_ESR ((unsigned int) 0x1 << 2) // (UDP) Enable Send Resume
#define AT91C_UDP_RSMINPR ((unsigned int) 0x1 << 3) // (UDP) A Resume Has Been Sent to the Host
#define AT91C_UDP_RMWUPE ((unsigned int) 0x1 << 4) // (UDP) Remote Wake Up Enable
// -------- UDP_FADDR : (UDP Offset: 0x8) USB Function Address Register --------
#define AT91C_UDP_FADD ((unsigned int) 0xFF << 0) // (UDP) Function Address Value
#define AT91C_UDP_FEN ((unsigned int) 0x1 << 8) // (UDP) Function Enable
// -------- UDP_IER : (UDP Offset: 0x10) USB Interrupt Enable Register --------
#define AT91C_UDP_EPINT0 ((unsigned int) 0x1 << 0) // (UDP) Endpoint 0 Interrupt
#define AT91C_UDP_EPINT1 ((unsigned int) 0x1 << 1) // (UDP) Endpoint 0 Interrupt
#define AT91C_UDP_EPINT2 ((unsigned int) 0x1 << 2) // (UDP) Endpoint 2 Interrupt
#define AT91C_UDP_EPINT3 ((unsigned int) 0x1 << 3) // (UDP) Endpoint 3 Interrupt
#define AT91C_UDP_EPINT4 ((unsigned int) 0x1 << 4) // (UDP) Endpoint 4 Interrupt
#define AT91C_UDP_EPINT5 ((unsigned int) 0x1 << 5) // (UDP) Endpoint 5 Interrupt
#define AT91C_UDP_EPINT6 ((unsigned int) 0x1 << 6) // (UDP) Endpoint 6 Interrupt
#define AT91C_UDP_EPINT7 ((unsigned int) 0x1 << 7) // (UDP) Endpoint 7 Interrupt
#define AT91C_UDP_RXSUSP ((unsigned int) 0x1 << 8) // (UDP) USB Suspend Interrupt
#define AT91C_UDP_RXRSM ((unsigned int) 0x1 << 9) // (UDP) USB Resume Interrupt
#define AT91C_UDP_EXTRSM ((unsigned int) 0x1 << 10) // (UDP) USB External Resume Interrupt
#define AT91C_UDP_SOFINT ((unsigned int) 0x1 << 11) // (UDP) USB Start Of frame Interrupt
#define AT91C_UDP_WAKEUP ((unsigned int) 0x1 << 13) // (UDP) USB Resume Interrupt
// -------- UDP_IDR : (UDP Offset: 0x14) USB Interrupt Disable Register --------
// -------- UDP_IMR : (UDP Offset: 0x18) USB Interrupt Mask Register --------
// -------- UDP_ISR : (UDP Offset: 0x1c) USB Interrupt Status Register --------
#define AT91C_UDP_ENDBUSRES ((unsigned int) 0x1 << 12) // (UDP) USB End Of Bus Reset Interrupt
// -------- UDP_ICR : (UDP Offset: 0x20) USB Interrupt Clear Register --------
// -------- UDP_RST_EP : (UDP Offset: 0x28) USB Reset Endpoint Register --------
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#define AT91C_UDP_EP0 ((unsigned int) 0x1 << 0) // (UDP) Reset Endpoint 0
#define AT91C_UDP_EP1 ((unsigned int) 0x1 << 1) // (UDP) Reset Endpoint 1
#define AT91C_UDP_EP2 ((unsigned int) 0x1 << 2) // (UDP) Reset Endpoint 2
#define AT91C_UDP_EP3 ((unsigned int) 0x1 << 3) // (UDP) Reset Endpoint 3
#define AT91C_UDP_EP4 ((unsigned int) 0x1 << 4) // (UDP) Reset Endpoint 4
#define AT91C_UDP_EP5 ((unsigned int) 0x1 << 5) // (UDP) Reset Endpoint 5
#define AT91C_UDP_EP6 ((unsigned int) 0x1 << 6) // (UDP) Reset Endpoint 6
#define AT91C_UDP_EP7 ((unsigned int) 0x1 << 7) // (UDP) Reset Endpoint 7
// -------- UDP_CSR : (UDP Offset: 0x30) USB Endpoint Control and Status Register --------
#define AT91C_UDP_TXCOMP ((unsigned int) 0x1 << 0)
// (UDP) Generates an IN packet with data previously written in the DPR
#define AT91C_UDP_RX_DATA_BK0 ((unsigned int) 0x1 << 1) // (UDP) Receive Data Bank 0
#define AT91C_UDP_RXSETUP ((unsigned int) 0x1 << 2) // (UDP) Sends STALL to the Host (Control endpoints)
#define AT91C_UDP_ISOERROR ((unsigned int) 0x1 << 3) // (UDP) Isochronous error (Isochronous endpoints)
#define AT91C_UDP_TXPKTRDY ((unsigned int) 0x1 << 4) // (UDP) Transmit Packet Ready
#define AT91C_UDP_FORCESTALL ((unsigned int) 0x1 << 5)
// (UDP) Force Stall (used by Control, Bulk and Isochronous endpoints).
#define AT91C_UDP_RX_DATA_BK1 ((unsigned int) 0x1 << 6)
// (UDP) Receive Data Bank 1 (only used by endpoints with ping-pong attributes).
#define AT91C_UDP_DIR ((unsigned int) 0x1 << 7) // (UDP) Transfer Direction
#define AT91C_UDP_EPTYPE ((unsigned int) 0x7 << 8) // (UDP) Endpoint type
#define AT91C_UDP_EPTYPE_CTRL ((unsigned int) 0x0 << 8) // (UDP) Control
#define AT91C_UDP_EPTYPE_ISO_OUT ((unsigned int) 0x1 << 8) // (UDP) Isochronous OUT
#define AT91C_UDP_EPTYPE_BULK_OUT ((unsigned int) 0x2 << 8) // (UDP) Bulk OUT
#define AT91C_UDP_EPTYPE_INT_OUT ((unsigned int) 0x3 << 8) // (UDP) Interrupt OUT
#define AT91C_UDP_EPTYPE_ISO_IN ((unsigned int) 0x5 << 8) // (UDP) Isochronous IN
#define AT91C_UDP_EPTYPE_BULK_IN ((unsigned int) 0x6 << 8) // (UDP) Bulk IN
#define AT91C_UDP_EPTYPE_INT_IN ((unsigned int) 0x7 << 8) // (UDP) Interrupt IN
#define AT91C_UDP_DTGLE ((unsigned int) 0x1 << 11) // (UDP) Data Toggle
#define AT91C_UDP_EPEDS ((unsigned int) 0x1 << 15) // (UDP) Endpoint Enable Disable
#define AT91C_UDP_RXBYTECNT ((unsigned int) 0x7FF << 16) // (UDP) Number Of Bytes Available in the FIFO
// -------- UDP_TXVC : (UDP Offset: 0x74) Transceiver Control Register --------
#define AT91C_UDP_TXVDIS ((unsigned int) 0x1 << 8) // (UDP)
#define AT91C_UDP_PUON ((unsigned int) 0x1 << 9) // (UDP) Pull-up ON
// *****************************************************************************
// REGISTER ADDRESS DEFINITION FOR AT91SAM7S256
// *****************************************************************************
// ========== Register definition for SYS peripheral ==========
// ========== Register definition for AIC peripheral ==========
#define AT91C_AIC_IVR ((AT91_REG *) 0xFFFFF100) // (AIC) IRQ Vector Register
#define AT91C_AIC_SMR ((AT91_REG *) 0xFFFFF000) // (AIC) Source Mode Register
#define AT91C_AIC_FVR ((AT91_REG *) 0xFFFFF104) // (AIC) FIQ Vector Register
#define AT91C_AIC_DCR ((AT91_REG *) 0xFFFFF138) // (AIC) Debug Control Register (Protect)
#define AT91C_AIC_EOICR ((AT91_REG *) 0xFFFFF130) // (AIC) End of Interrupt Command Register
#define AT91C_AIC_SVR ((AT91_REG *) 0xFFFFF080) // (AIC) Source Vector Register
#define AT91C_AIC_FFSR ((AT91_REG *) 0xFFFFF148) // (AIC) Fast Forcing Status Register
#define AT91C_AIC_ICCR ((AT91_REG *) 0xFFFFF128) // (AIC) Interrupt Clear Command Register
#define AT91C_AIC_ISR ((AT91_REG *) 0xFFFFF108) // (AIC) Interrupt Status Register
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#define AT91C_AIC_IMR ((AT91_REG *) 0xFFFFF110) // (AIC) Interrupt Mask Register
#define AT91C_AIC_IPR ((AT91_REG *) 0xFFFFF10C) // (AIC) Interrupt Pending Register
#define AT91C_AIC_FFER ((AT91_REG *) 0xFFFFF140) // (AIC) Fast Forcing Enable Register
#define AT91C_AIC_IECR ((AT91_REG *) 0xFFFFF120) // (AIC) Interrupt Enable Command Register
#define AT91C_AIC_ISCR ((AT91_REG *) 0xFFFFF12C) // (AIC) Interrupt Set Command Register
#define AT91C_AIC_FFDR ((AT91_REG *) 0xFFFFF144) // (AIC) Fast Forcing Disable Register
#define AT91C_AIC_CISR ((AT91_REG *) 0xFFFFF114) // (AIC) Core Interrupt Status Register
#define AT91C_AIC_IDCR ((AT91_REG *) 0xFFFFF124) // (AIC) Interrupt Disable Command Register
#define AT91C_AIC_SPU ((AT91_REG *) 0xFFFFF134) // (AIC) Spurious Vector Register
// ========== Register definition for PDC_DBGU peripheral ==========
#define AT91C_DBGU_TCR ((AT91_REG *) 0xFFFFF30C) // (PDC_DBGU) Transmit Counter Register
#define AT91C_DBGU_RNPR ((AT91_REG *) 0xFFFFF310) // (PDC_DBGU) Receive Next Pointer Register
#define AT91C_DBGU_TNPR ((AT91_REG *) 0xFFFFF318) // (PDC_DBGU) Transmit Next Pointer Register
#define AT91C_DBGU_TPR ((AT91_REG *) 0xFFFFF308) // (PDC_DBGU) Transmit Pointer Register
#define AT91C_DBGU_RPR ((AT91_REG *) 0xFFFFF300) // (PDC_DBGU) Receive Pointer Register
#define AT91C_DBGU_RCR ((AT91_REG *) 0xFFFFF304) // (PDC_DBGU) Receive Counter Register
#define AT91C_DBGU_RNCR ((AT91_REG *) 0xFFFFF314) // (PDC_DBGU) Receive Next Counter Register
#define AT91C_DBGU_PTCR ((AT91_REG *) 0xFFFFF320) // (PDC_DBGU) PDC Transfer Control Register
#define AT91C_DBGU_PTSR ((AT91_REG *) 0xFFFFF324) // (PDC_DBGU) PDC Transfer Status Register
#define AT91C_DBGU_TNCR ((AT91_REG *) 0xFFFFF31C) // (PDC_DBGU) Transmit Next Counter Register
// ========== Register definition for DBGU peripheral ==========
#define AT91C_DBGU_EXID ((AT91_REG *) 0xFFFFF244) // (DBGU) Chip ID Extension Register
#define AT91C_DBGU_BRGR ((AT91_REG *) 0xFFFFF220) // (DBGU) Baud Rate Generator Register
#define AT91C_DBGU_IDR ((AT91_REG *) 0xFFFFF20C) // (DBGU) Interrupt Disable Register
#define AT91C_DBGU_CSR ((AT91_REG *) 0xFFFFF214) // (DBGU) Channel Status Register
#define AT91C_DBGU_CIDR ((AT91_REG *) 0xFFFFF240) // (DBGU) Chip ID Register
#define AT91C_DBGU_MR ((AT91_REG *) 0xFFFFF204) // (DBGU) Mode Register
#define AT91C_DBGU_IMR ((AT91_REG *) 0xFFFFF210) // (DBGU) Interrupt Mask Register
#define AT91C_DBGU_CR ((AT91_REG *) 0xFFFFF200) // (DBGU) Control Register
#define AT91C_DBGU_FNTR ((AT91_REG *) 0xFFFFF248) // (DBGU) Force NTRST Register
#define AT91C_DBGU_THR ((AT91_REG *) 0xFFFFF21C) // (DBGU) Transmitter Holding Register
#define AT91C_DBGU_RHR ((AT91_REG *) 0xFFFFF218) // (DBGU) Receiver Holding Register
#define AT91C_DBGU_IER ((AT91_REG *) 0xFFFFF208) // (DBGU) Interrupt Enable Register
// ========== Register definition for PIOA peripheral ==========
#define AT91C_PIOA_ODR ((AT91_REG *) 0xFFFFF414) // (PIOA) Output Disable Registerr
#define AT91C_PIOA_SODR ((AT91_REG *) 0xFFFFF430) // (PIOA) Set Output Data Register
#define AT91C_PIOA_ISR ((AT91_REG *) 0xFFFFF44C) // (PIOA) Interrupt Status Register
#define AT91C_PIOA_ABSR ((AT91_REG *) 0xFFFFF478) // (PIOA) AB Select Status Register
#define AT91C_PIOA_IER ((AT91_REG *) 0xFFFFF440) // (PIOA) Interrupt Enable Register
#define AT91C_PIOA_PPUDR ((AT91_REG *) 0xFFFFF460) // (PIOA) Pull-up Disable Register
#define AT91C_PIOA_IMR ((AT91_REG *) 0xFFFFF448) // (PIOA) Interrupt Mask Register
#define AT91C_PIOA_PER ((AT91_REG *) 0xFFFFF400) // (PIOA) PIO Enable Register
#define AT91C_PIOA_IFDR ((AT91_REG *) 0xFFFFF424) // (PIOA) Input Filter Disable Register
#define AT91C_PIOA_OWDR ((AT91_REG *) 0xFFFFF4A4) // (PIOA) Output Write Disable Register
#define AT91C_PIOA_MDSR ((AT91_REG *) 0xFFFFF458) // (PIOA) Multi-driver Status Register
#define AT91C_PIOA_IDR ((AT91_REG *) 0xFFFFF444) // (PIOA) Interrupt Disable Register
#define AT91C_PIOA_ODSR ((AT91_REG *) 0xFFFFF438) // (PIOA) Output Data Status Register
#define AT91C_PIOA_PPUSR ((AT91_REG *) 0xFFFFF468) // (PIOA) Pull-up Status Register
#define AT91C_PIOA_OWSR ((AT91_REG *) 0xFFFFF4A8) // (PIOA) Output Write Status Register
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#define AT91C_PIOA_BSR ((AT91_REG *) 0xFFFFF474) // (PIOA) Select B Register
#define AT91C_PIOA_OWER ((AT91_REG *) 0xFFFFF4A0) // (PIOA) Output Write Enable Register
#define AT91C_PIOA_IFER ((AT91_REG *) 0xFFFFF420) // (PIOA) Input Filter Enable Register
#define AT91C_PIOA_PDSR ((AT91_REG *) 0xFFFFF43C) // (PIOA) Pin Data Status Register
#define AT91C_PIOA_PPUER ((AT91_REG *) 0xFFFFF464) // (PIOA) Pull-up Enable Register
#define AT91C_PIOA_OSR ((AT91_REG *) 0xFFFFF418) // (PIOA) Output Status Register
#define AT91C_PIOA_ASR ((AT91_REG *) 0xFFFFF470) // (PIOA) Select A Register
#define AT91C_PIOA_MDDR ((AT91_REG *) 0xFFFFF454) // (PIOA) Multi-driver Disable Register
#define AT91C_PIOA_CODR ((AT91_REG *) 0xFFFFF434) // (PIOA) Clear Output Data Register
#define AT91C_PIOA_MDER ((AT91_REG *) 0xFFFFF450) // (PIOA) Multi-driver Enable Register
#define AT91C_PIOA_PDR ((AT91_REG *) 0xFFFFF404) // (PIOA) PIO Disable Register
#define AT91C_PIOA_IFSR ((AT91_REG *) 0xFFFFF428) // (PIOA) Input Filter Status Register
#define AT91C_PIOA_OER ((AT91_REG *) 0xFFFFF410) // (PIOA) Output Enable Register
#define AT91C_PIOA_PSR ((AT91_REG *) 0xFFFFF408) // (PIOA) PIO Status Register
// ========== Register definition for CKGR peripheral ==========
#define AT91C_CKGR_MOR ((AT91_REG *) 0xFFFFFC20) // (CKGR) Main Oscillator Register
#define AT91C_CKGR_PLLR ((AT91_REG *) 0xFFFFFC2C) // (CKGR) PLL Register
#define AT91C_CKGR_MCFR ((AT91_REG *) 0xFFFFFC24) // (CKGR) Main Clock Frequency Register
// ========== Register definition for PMC peripheral ==========
#define AT91C_PMC_IDR ((AT91_REG *) 0xFFFFFC64) // (PMC) Interrupt Disable Register
#define AT91C_PMC_MOR ((AT91_REG *) 0xFFFFFC20) // (PMC) Main Oscillator Register
#define AT91C_PMC_PLLR ((AT91_REG *) 0xFFFFFC2C) // (PMC) PLL Register
#define AT91C_PMC_PCER ((AT91_REG *) 0xFFFFFC10) // (PMC) Peripheral Clock Enable Register
#define AT91C_PMC_PCKR ((AT91_REG *) 0xFFFFFC40) // (PMC) Programmable Clock Register
#define AT91C_PMC_MCKR ((AT91_REG *) 0xFFFFFC30) // (PMC) Master Clock Register
#define AT91C_PMC_SCDR ((AT91_REG *) 0xFFFFFC04) // (PMC) System Clock Disable Register
#define AT91C_PMC_PCDR ((AT91_REG *) 0xFFFFFC14) // (PMC) Peripheral Clock Disable Register
#define AT91C_PMC_SCSR ((AT91_REG *) 0xFFFFFC08) // (PMC) System Clock Status Register
#define AT91C_PMC_PCSR ((AT91_REG *) 0xFFFFFC18) // (PMC) Peripheral Clock Status Register
#define AT91C_PMC_MCFR ((AT91_REG *) 0xFFFFFC24) // (PMC) Main Clock Frequency Register
#define AT91C_PMC_SCER ((AT91_REG *) 0xFFFFFC00) // (PMC) System Clock Enable Register
#define AT91C_PMC_IMR ((AT91_REG *) 0xFFFFFC6C) // (PMC) Interrupt Mask Register
#define AT91C_PMC_IER ((AT91_REG *) 0xFFFFFC60) // (PMC) Interrupt Enable Register
#define AT91C_PMC_SR ((AT91_REG *) 0xFFFFFC68) // (PMC) Status Register
// ========== Register definition for RSTC peripheral ==========
#define AT91C_RSTC_RCR ((AT91_REG *) 0xFFFFFD00) // (RSTC) Reset Control Register
#define AT91C_RSTC_RMR ((AT91_REG *) 0xFFFFFD08) // (RSTC) Reset Mode Register
#define AT91C_RSTC_RSR ((AT91_REG *) 0xFFFFFD04) // (RSTC) Reset Status Register
// ========== Register definition for RTTC peripheral ==========
#define AT91C_RTTC_RTSR ((AT91_REG *) 0xFFFFFD2C) // (RTTC) Real-time Status Register
#define AT91C_RTTC_RTMR ((AT91_REG *) 0xFFFFFD20) // (RTTC) Real-time Mode Register
#define AT91C_RTTC_RTVR ((AT91_REG *) 0xFFFFFD28) // (RTTC) Real-time Value Register
#define AT91C_RTTC_RTAR ((AT91_REG *) 0xFFFFFD24) // (RTTC) Real-time Alarm Register
// ========== Register definition for PITC peripheral ==========
#define AT91C_PITC_PIVR ((AT91_REG *) 0xFFFFFD38) // (PITC) Period Interval Value Register
#define AT91C_PITC_PISR ((AT91_REG *) 0xFFFFFD34) // (PITC) Period Interval Status Register
#define AT91C_PITC_PIIR ((AT91_REG *) 0xFFFFFD3C) // (PITC) Period Interval Image Register
#define AT91C_PITC_PIMR ((AT91_REG *) 0xFFFFFD30) // (PITC) Period Interval Mode Register
// ========== Register definition for WDTC peripheral ==========
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#define AT91C_WDTC_WDCR ((AT91_REG *) 0xFFFFFD40) // (WDTC) Watchdog Control Register
#define AT91C_WDTC_WDSR ((AT91_REG *) 0xFFFFFD48) // (WDTC) Watchdog Status Register
#define AT91C_WDTC_WDMR ((AT91_REG *) 0xFFFFFD44) // (WDTC) Watchdog Mode Register
// ========== Register definition for VREG peripheral ==========
#define AT91C_VREG_MR ((AT91_REG *) 0xFFFFFD60) // (VREG) Voltage Regulator Mode Register
// ========== Register definition for MC peripheral ==========
#define AT91C_MC_ASR ((AT91_REG *) 0xFFFFFF04) // (MC) MC Abort Status Register
#define AT91C_MC_RCR ((AT91_REG *) 0xFFFFFF00) // (MC) MC Remap Control Register
#define AT91C_MC_FCR ((AT91_REG *) 0xFFFFFF64) // (MC) MC Flash Command Register
#define AT91C_MC_AASR ((AT91_REG *) 0xFFFFFF08) // (MC) MC Abort Address Status Register
#define AT91C_MC_FSR ((AT91_REG *) 0xFFFFFF68) // (MC) MC Flash Status Register
#define AT91C_MC_FMR ((AT91_REG *) 0xFFFFFF60) // (MC) MC Flash Mode Register
// ========== Register definition for PDC_SPI peripheral ==========
#define AT91C_SPI_PTCR ((AT91_REG *) 0xFFFE0120) // (PDC_SPI) PDC Transfer Control Register
#define AT91C_SPI_TPR ((AT91_REG *) 0xFFFE0108) // (PDC_SPI) Transmit Pointer Register
#define AT91C_SPI_TCR ((AT91_REG *) 0xFFFE010C) // (PDC_SPI) Transmit Counter Register
#define AT91C_SPI_RCR ((AT91_REG *) 0xFFFE0104) // (PDC_SPI) Receive Counter Register
#define AT91C_SPI_PTSR ((AT91_REG *) 0xFFFE0124) // (PDC_SPI) PDC Transfer Status Register
#define AT91C_SPI_RNPR ((AT91_REG *) 0xFFFE0110) // (PDC_SPI) Receive Next Pointer Register
#define AT91C_SPI_RPR ((AT91_REG *) 0xFFFE0100) // (PDC_SPI) Receive Pointer Register
#define AT91C_SPI_TNCR ((AT91_REG *) 0xFFFE011C) // (PDC_SPI) Transmit Next Counter Register
#define AT91C_SPI_RNCR ((AT91_REG *) 0xFFFE0114) // (PDC_SPI) Receive Next Counter Register
#define AT91C_SPI_TNPR ((AT91_REG *) 0xFFFE0118) // (PDC_SPI) Transmit Next Pointer Register
// ========== Register definition for SPI peripheral ==========
#define AT91C_SPI_IER ((AT91_REG *) 0xFFFE0014) // (SPI) Interrupt Enable Register
#define AT91C_SPI_SR ((AT91_REG *) 0xFFFE0010) // (SPI) Status Register
#define AT91C_SPI_IDR ((AT91_REG *) 0xFFFE0018) // (SPI) Interrupt Disable Register
#define AT91C_SPI_CR ((AT91_REG *) 0xFFFE0000) // (SPI) Control Register
#define AT91C_SPI_MR ((AT91_REG *) 0xFFFE0004) // (SPI) Mode Register
#define AT91C_SPI_IMR ((AT91_REG *) 0xFFFE001C) // (SPI) Interrupt Mask Register
#define AT91C_SPI_TDR ((AT91_REG *) 0xFFFE000C) // (SPI) Transmit Data Register
#define AT91C_SPI_RDR ((AT91_REG *) 0xFFFE0008) // (SPI) Receive Data Register
#define AT91C_SPI_CSR ((AT91_REG *) 0xFFFE0030) // (SPI) Chip Select Register
// ========== Register definition for PDC_ADC peripheral ==========
#define AT91C_ADC_PTSR ((AT91_REG *) 0xFFFD8124) // (PDC_ADC) PDC Transfer Status Register
#define AT91C_ADC_PTCR ((AT91_REG *) 0xFFFD8120) // (PDC_ADC) PDC Transfer Control Register
#define AT91C_ADC_TNPR ((AT91_REG *) 0xFFFD8118) // (PDC_ADC) Transmit Next Pointer Register
#define AT91C_ADC_TNCR ((AT91_REG *) 0xFFFD811C) // (PDC_ADC) Transmit Next Counter Register
#define AT91C_ADC_RNPR ((AT91_REG *) 0xFFFD8110) // (PDC_ADC) Receive Next Pointer Register
#define AT91C_ADC_RNCR ((AT91_REG *) 0xFFFD8114) // (PDC_ADC) Receive Next Counter Register
#define AT91C_ADC_RPR ((AT91_REG *) 0xFFFD8100) // (PDC_ADC) Receive Pointer Register
#define AT91C_ADC_TCR ((AT91_REG *) 0xFFFD810C) // (PDC_ADC) Transmit Counter Register
#define AT91C_ADC_TPR ((AT91_REG *) 0xFFFD8108) // (PDC_ADC) Transmit Pointer Register
#define AT91C_ADC_RCR ((AT91_REG *) 0xFFFD8104) // (PDC_ADC) Receive Counter Register
// ========== Register definition for ADC peripheral ==========
#define AT91C_ADC_CDR2 ((AT91_REG *) 0xFFFD8038) // (ADC) ADC Channel Data Register 2
#define AT91C_ADC_CDR3 ((AT91_REG *) 0xFFFD803C) // (ADC) ADC Channel Data Register 3
#define AT91C_ADC_CDR0 ((AT91_REG *) 0xFFFD8030) // (ADC) ADC Channel Data Register 0
#define AT91C_ADC_CDR5 ((AT91_REG *) 0xFFFD8044) // (ADC) ADC Channel Data Register 5
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#define AT91C_ADC_CHDR ((AT91_REG *) 0xFFFD8014) // (ADC) ADC Channel Disable Register
#define AT91C_ADC_SR ((AT91_REG *) 0xFFFD801C) // (ADC) ADC Status Register
#define AT91C_ADC_CDR4 ((AT91_REG *) 0xFFFD8040) // (ADC) ADC Channel Data Register 4
#define AT91C_ADC_CDR1 ((AT91_REG *) 0xFFFD8034) // (ADC) ADC Channel Data Register 1
#define AT91C_ADC_LCDR ((AT91_REG *) 0xFFFD8020) // (ADC) ADC Last Converted Data Register
#define AT91C_ADC_IDR ((AT91_REG *) 0xFFFD8028) // (ADC) ADC Interrupt Disable Register
#define AT91C_ADC_CR ((AT91_REG *) 0xFFFD8000) // (ADC) ADC Control Register
#define AT91C_ADC_CDR7 ((AT91_REG *) 0xFFFD804C) // (ADC) ADC Channel Data Register 7
#define AT91C_ADC_CDR6 ((AT91_REG *) 0xFFFD8048) // (ADC) ADC Channel Data Register 6
#define AT91C_ADC_IER ((AT91_REG *) 0xFFFD8024) // (ADC) ADC Interrupt Enable Register
#define AT91C_ADC_CHER ((AT91_REG *) 0xFFFD8010) // (ADC) ADC Channel Enable Register
#define AT91C_ADC_CHSR ((AT91_REG *) 0xFFFD8018) // (ADC) ADC Channel Status Register
#define AT91C_ADC_MR ((AT91_REG *) 0xFFFD8004) // (ADC) ADC Mode Register
#define AT91C_ADC_IMR ((AT91_REG *) 0xFFFD802C) // (ADC) ADC Interrupt Mask Register
// ========== Register definition for PDC_SSC peripheral ==========
#define AT91C_SSC_TNCR ((AT91_REG *) 0xFFFD411C) // (PDC_SSC) Transmit Next Counter Register
#define AT91C_SSC_RPR ((AT91_REG *) 0xFFFD4100) // (PDC_SSC) Receive Pointer Register
#define AT91C_SSC_RNCR ((AT91_REG *) 0xFFFD4114) // (PDC_SSC) Receive Next Counter Register
#define AT91C_SSC_TPR ((AT91_REG *) 0xFFFD4108) // (PDC_SSC) Transmit Pointer Register
#define AT91C_SSC_PTCR ((AT91_REG *) 0xFFFD4120) // (PDC_SSC) PDC Transfer Control Register
#define AT91C_SSC_TCR ((AT91_REG *) 0xFFFD410C) // (PDC_SSC) Transmit Counter Register
#define AT91C_SSC_RCR ((AT91_REG *) 0xFFFD4104) // (PDC_SSC) Receive Counter Register
#define AT91C_SSC_RNPR ((AT91_REG *) 0xFFFD4110) // (PDC_SSC) Receive Next Pointer Register
#define AT91C_SSC_TNPR ((AT91_REG *) 0xFFFD4118) // (PDC_SSC) Transmit Next Pointer Register
#define AT91C_SSC_PTSR ((AT91_REG *) 0xFFFD4124) // (PDC_SSC) PDC Transfer Status Register
// ========== Register definition for SSC peripheral ==========
#define AT91C_SSC_RHR ((AT91_REG *) 0xFFFD4020) // (SSC) Receive Holding Register
#define AT91C_SSC_RSHR ((AT91_REG *) 0xFFFD4030) // (SSC) Receive Sync Holding Register
#define AT91C_SSC_TFMR ((AT91_REG *) 0xFFFD401C) // (SSC) Transmit Frame Mode Register
#define AT91C_SSC_IDR ((AT91_REG *) 0xFFFD4048) // (SSC) Interrupt Disable Register
#define AT91C_SSC_THR ((AT91_REG *) 0xFFFD4024) // (SSC) Transmit Holding Register
#define AT91C_SSC_RCMR ((AT91_REG *) 0xFFFD4010) // (SSC) Receive Clock ModeRegister
#define AT91C_SSC_IER ((AT91_REG *) 0xFFFD4044) // (SSC) Interrupt Enable Register
#define AT91C_SSC_TSHR ((AT91_REG *) 0xFFFD4034) // (SSC) Transmit Sync Holding Register
#define AT91C_SSC_SR ((AT91_REG *) 0xFFFD4040) // (SSC) Status Register
#define AT91C_SSC_CMR ((AT91_REG *) 0xFFFD4004) // (SSC) Clock Mode Register
#define AT91C_SSC_TCMR ((AT91_REG *) 0xFFFD4018) // (SSC) Transmit Clock Mode Register
#define AT91C_SSC_CR ((AT91_REG *) 0xFFFD4000) // (SSC) Control Register
#define AT91C_SSC_IMR ((AT91_REG *) 0xFFFD404C) // (SSC) Interrupt Mask Register
#define AT91C_SSC_RFMR ((AT91_REG *) 0xFFFD4014) // (SSC) Receive Frame Mode Register
// ========== Register definition for PDC_US1 peripheral ==========
#define AT91C_US1_RNCR ((AT91_REG *) 0xFFFC4114) // (PDC_US1) Receive Next Counter Register
#define AT91C_US1_PTCR ((AT91_REG *) 0xFFFC4120) // (PDC_US1) PDC Transfer Control Register
#define AT91C_US1_TCR ((AT91_REG *) 0xFFFC410C) // (PDC_US1) Transmit Counter Register
#define AT91C_US1_PTSR ((AT91_REG *) 0xFFFC4124) // (PDC_US1) PDC Transfer Status Register
#define AT91C_US1_TNPR ((AT91_REG *) 0xFFFC4118) // (PDC_US1) Transmit Next Pointer Register
#define AT91C_US1_RCR ((AT91_REG *) 0xFFFC4104) // (PDC_US1) Receive Counter Register
#define AT91C_US1_RNPR ((AT91_REG *) 0xFFFC4110) // (PDC_US1) Receive Next Pointer Register
#define AT91C_US1_RPR ((AT91_REG *) 0xFFFC4100) // (PDC_US1) Receive Pointer Register
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#define AT91C_US1_TNCR ((AT91_REG *) 0xFFFC411C) // (PDC_US1) Transmit Next Counter Register
#define AT91C_US1_TPR ((AT91_REG *) 0xFFFC4108) // (PDC_US1) Transmit Pointer Register
// ========== Register definition for US1 peripheral ==========
#define AT91C_US1_IF ((AT91_REG *) 0xFFFC404C) // (US1) IRDA_FILTER Register
#define AT91C_US1_NER ((AT91_REG *) 0xFFFC4044) // (US1) Nb Errors Register
#define AT91C_US1_RTOR ((AT91_REG *) 0xFFFC4024) // (US1) Receiver Time-out Register
#define AT91C_US1_CSR ((AT91_REG *) 0xFFFC4014) // (US1) Channel Status Register
#define AT91C_US1_IDR ((AT91_REG *) 0xFFFC400C) // (US1) Interrupt Disable Register
#define AT91C_US1_IER ((AT91_REG *) 0xFFFC4008) // (US1) Interrupt Enable Register
#define AT91C_US1_THR ((AT91_REG *) 0xFFFC401C) // (US1) Transmitter Holding Register
#define AT91C_US1_TTGR ((AT91_REG *) 0xFFFC4028) // (US1) Transmitter Time-guard Register
#define AT91C_US1_RHR ((AT91_REG *) 0xFFFC4018) // (US1) Receiver Holding Register
#define AT91C_US1_BRGR ((AT91_REG *) 0xFFFC4020) // (US1) Baud Rate Generator Register
#define AT91C_US1_IMR ((AT91_REG *) 0xFFFC4010) // (US1) Interrupt Mask Register
#define AT91C_US1_FIDI ((AT91_REG *) 0xFFFC4040) // (US1) FI_DI_Ratio Register
#define AT91C_US1_CR ((AT91_REG *) 0xFFFC4000) // (US1) Control Register
#define AT91C_US1_MR ((AT91_REG *) 0xFFFC4004) // (US1) Mode Register
// ========== Register definition for PDC_US0 peripheral ==========
#define AT91C_US0_TNPR ((AT91_REG *) 0xFFFC0118) // (PDC_US0) Transmit Next Pointer Register
#define AT91C_US0_RNPR ((AT91_REG *) 0xFFFC0110) // (PDC_US0) Receive Next Pointer Register
#define AT91C_US0_TCR ((AT91_REG *) 0xFFFC010C) // (PDC_US0) Transmit Counter Register
#define AT91C_US0_PTCR ((AT91_REG *) 0xFFFC0120) // (PDC_US0) PDC Transfer Control Register
#define AT91C_US0_PTSR ((AT91_REG *) 0xFFFC0124) // (PDC_US0) PDC Transfer Status Register
#define AT91C_US0_TNCR ((AT91_REG *) 0xFFFC011C) // (PDC_US0) Transmit Next Counter Register
#define AT91C_US0_TPR ((AT91_REG *) 0xFFFC0108) // (PDC_US0) Transmit Pointer Register
#define AT91C_US0_RCR ((AT91_REG *) 0xFFFC0104) // (PDC_US0) Receive Counter Register
#define AT91C_US0_RPR ((AT91_REG *) 0xFFFC0100) // (PDC_US0) Receive Pointer Register
#define AT91C_US0_RNCR ((AT91_REG *) 0xFFFC0114) // (PDC_US0) Receive Next Counter Register
// ========== Register definition for US0 peripheral ==========
#define AT91C_US0_BRGR ((AT91_REG *) 0xFFFC0020) // (US0) Baud Rate Generator Register
#define AT91C_US0_NER ((AT91_REG *) 0xFFFC0044) // (US0) Nb Errors Register
#define AT91C_US0_CR ((AT91_REG *) 0xFFFC0000) // (US0) Control Register
#define AT91C_US0_IMR ((AT91_REG *) 0xFFFC0010) // (US0) Interrupt Mask Register
#define AT91C_US0_FIDI ((AT91_REG *) 0xFFFC0040) // (US0) FI_DI_Ratio Register
#define AT91C_US0_TTGR ((AT91_REG *) 0xFFFC0028) // (US0) Transmitter Time-guard Register
#define AT91C_US0_MR ((AT91_REG *) 0xFFFC0004) // (US0) Mode Register
#define AT91C_US0_RTOR ((AT91_REG *) 0xFFFC0024) // (US0) Receiver Time-out Register
#define AT91C_US0_CSR ((AT91_REG *) 0xFFFC0014) // (US0) Channel Status Register
#define AT91C_US0_RHR ((AT91_REG *) 0xFFFC0018) // (US0) Receiver Holding Register
#define AT91C_US0_IDR ((AT91_REG *) 0xFFFC000C) // (US0) Interrupt Disable Register
#define AT91C_US0_THR ((AT91_REG *) 0xFFFC001C) // (US0) Transmitter Holding Register
#define AT91C_US0_IF ((AT91_REG *) 0xFFFC004C) // (US0) IRDA_FILTER Register
#define AT91C_US0_IER ((AT91_REG *) 0xFFFC0008) // (US0) Interrupt Enable Register
// ========== Register definition for TWI peripheral ==========
#define AT91C_TWI_IER ((AT91_REG *) 0xFFFB8024) // (TWI) Interrupt Enable Register
#define AT91C_TWI_CR ((AT91_REG *) 0xFFFB8000) // (TWI) Control Register
#define AT91C_TWI_SR ((AT91_REG *) 0xFFFB8020) // (TWI) Status Register
#define AT91C_TWI_IMR ((AT91_REG *) 0xFFFB802C) // (TWI) Interrupt Mask Register
#define AT91C_TWI_THR ((AT91_REG *) 0xFFFB8034) // (TWI) Transmit Holding Register
Bibliography 106
#define AT91C_TWI_IDR ((AT91_REG *) 0xFFFB8028) // (TWI) Interrupt Disable Register
#define AT91C_TWI_IADR ((AT91_REG *) 0xFFFB800C) // (TWI) Internal Address Register
#define AT91C_TWI_MMR ((AT91_REG *) 0xFFFB8004) // (TWI) Master Mode Register
#define AT91C_TWI_CWGR ((AT91_REG *) 0xFFFB8010) // (TWI) Clock Waveform Generator Register
#define AT91C_TWI_RHR ((AT91_REG *) 0xFFFB8030) // (TWI) Receive Holding Register
// ========== Register definition for TC0 peripheral ==========
#define AT91C_TC0_SR ((AT91_REG *) 0xFFFA0020) // (TC0) Status Register
#define AT91C_TC0_RC ((AT91_REG *) 0xFFFA001C) // (TC0) Register C
#define AT91C_TC0_RB ((AT91_REG *) 0xFFFA0018) // (TC0) Register B
#define AT91C_TC0_CCR ((AT91_REG *) 0xFFFA0000) // (TC0) Channel Control Register
#define AT91C_TC0_CMR ((AT91_REG *) 0xFFFA0004) // (TC0) Channel Mode Register (Capture Mode / Waveform Mode)
#define AT91C_TC0_IER ((AT91_REG *) 0xFFFA0024) // (TC0) Interrupt Enable Register
#define AT91C_TC0_RA ((AT91_REG *) 0xFFFA0014) // (TC0) Register A
#define AT91C_TC0_IDR ((AT91_REG *) 0xFFFA0028) // (TC0) Interrupt Disable Register
#define AT91C_TC0_CV ((AT91_REG *) 0xFFFA0010) // (TC0) Counter Value
#define AT91C_TC0_IMR ((AT91_REG *) 0xFFFA002C) // (TC0) Interrupt Mask Register
// ========== Register definition for TC1 peripheral ==========
#define AT91C_TC1_RB ((AT91_REG *) 0xFFFA0058) // (TC1) Register B
#define AT91C_TC1_CCR ((AT91_REG *) 0xFFFA0040) // (TC1) Channel Control Register
#define AT91C_TC1_IER ((AT91_REG *) 0xFFFA0064) // (TC1) Interrupt Enable Register
#define AT91C_TC1_IDR ((AT91_REG *) 0xFFFA0068) // (TC1) Interrupt Disable Register
#define AT91C_TC1_SR ((AT91_REG *) 0xFFFA0060) // (TC1) Status Register
#define AT91C_TC1_CMR ((AT91_REG *) 0xFFFA0044) // (TC1) Channel Mode Register (Capture Mode / Waveform Mode)
#define AT91C_TC1_RA ((AT91_REG *) 0xFFFA0054) // (TC1) Register A
#define AT91C_TC1_RC ((AT91_REG *) 0xFFFA005C) // (TC1) Register C
#define AT91C_TC1_IMR ((AT91_REG *) 0xFFFA006C) // (TC1) Interrupt Mask Register
#define AT91C_TC1_CV ((AT91_REG *) 0xFFFA0050) // (TC1) Counter Value
// ========== Register definition for TC2 peripheral ==========
#define AT91C_TC2_CMR ((AT91_REG *) 0xFFFA0084) // (TC2) Channel Mode Register (Capture Mode / Waveform Mode)
#define AT91C_TC2_CCR ((AT91_REG *) 0xFFFA0080) // (TC2) Channel Control Register
#define AT91C_TC2_CV ((AT91_REG *) 0xFFFA0090) // (TC2) Counter Value
#define AT91C_TC2_RA ((AT91_REG *) 0xFFFA0094) // (TC2) Register A
#define AT91C_TC2_RB ((AT91_REG *) 0xFFFA0098) // (TC2) Register B
#define AT91C_TC2_IDR ((AT91_REG *) 0xFFFA00A8) // (TC2) Interrupt Disable Register
#define AT91C_TC2_IMR ((AT91_REG *) 0xFFFA00AC) // (TC2) Interrupt Mask Register
#define AT91C_TC2_RC ((AT91_REG *) 0xFFFA009C) // (TC2) Register C
#define AT91C_TC2_IER ((AT91_REG *) 0xFFFA00A4) // (TC2) Interrupt Enable Register
#define AT91C_TC2_SR ((AT91_REG *) 0xFFFA00A0) // (TC2) Status Register
// ========== Register definition for TCB peripheral ==========
#define AT91C_TCB_BMR ((AT91_REG *) 0xFFFA00C4) // (TCB) TC Block Mode Register
#define AT91C_TCB_BCR ((AT91_REG *) 0xFFFA00C0) // (TCB) TC Block Control Register
// ========== Register definition for PWMC_CH3 peripheral ==========
#define AT91C_PWMC_CH3_CUPDR ((AT91_REG *) 0xFFFCC270) // (PWMC_CH3) Channel Update Register
#define AT91C_PWMC_CH3_Reserved ((AT91_REG *) 0xFFFCC274) // (PWMC_CH3) Reserved
#define AT91C_PWMC_CH3_CPRDR ((AT91_REG *) 0xFFFCC268) // (PWMC_CH3) Channel Period Register
#define AT91C_PWMC_CH3_CDTYR ((AT91_REG *) 0xFFFCC264) // (PWMC_CH3) Channel Duty Cycle Register
#define AT91C_PWMC_CH3_CCNTR ((AT91_REG *) 0xFFFCC26C) // (PWMC_CH3) Channel Counter Register
#define AT91C_PWMC_CH3_CMR ((AT91_REG *) 0xFFFCC260) // (PWMC_CH3) Channel Mode Register
// ========== Register definition for PWMC_CH2 peripheral ==========
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#define AT91C_PWMC_CH2_Reserved ((AT91_REG *) 0xFFFCC254) // (PWMC_CH2) Reserved
#define AT91C_PWMC_CH2_CMR ((AT91_REG *) 0xFFFCC240) // (PWMC_CH2) Channel Mode Register
#define AT91C_PWMC_CH2_CCNTR ((AT91_REG *) 0xFFFCC24C) // (PWMC_CH2) Channel Counter Register
#define AT91C_PWMC_CH2_CPRDR ((AT91_REG *) 0xFFFCC248) // (PWMC_CH2) Channel Period Register
#define AT91C_PWMC_CH2_CUPDR ((AT91_REG *) 0xFFFCC250) // (PWMC_CH2) Channel Update Register
#define AT91C_PWMC_CH2_CDTYR ((AT91_REG *) 0xFFFCC244) // (PWMC_CH2) Channel Duty Cycle Register
// ========== Register definition for PWMC_CH1 peripheral ==========
#define AT91C_PWMC_CH1_Reserved ((AT91_REG *) 0xFFFCC234) // (PWMC_CH1) Reserved
#define AT91C_PWMC_CH1_CUPDR ((AT91_REG *) 0xFFFCC230) // (PWMC_CH1) Channel Update Register
#define AT91C_PWMC_CH1_CPRDR ((AT91_REG *) 0xFFFCC228) // (PWMC_CH1) Channel Period Register
#define AT91C_PWMC_CH1_CCNTR ((AT91_REG *) 0xFFFCC22C) // (PWMC_CH1) Channel Counter Register
#define AT91C_PWMC_CH1_CDTYR ((AT91_REG *) 0xFFFCC224) // (PWMC_CH1) Channel Duty Cycle Register
#define AT91C_PWMC_CH1_CMR ((AT91_REG *) 0xFFFCC220) // (PWMC_CH1) Channel Mode Register
// ========== Register definition for PWMC_CH0 peripheral ==========
#define AT91C_PWMC_CH0_Reserved ((AT91_REG *) 0xFFFCC214) // (PWMC_CH0) Reserved
#define AT91C_PWMC_CH0_CPRDR ((AT91_REG *) 0xFFFCC208) // (PWMC_CH0) Channel Period Register
#define AT91C_PWMC_CH0_CDTYR ((AT91_REG *) 0xFFFCC204) // (PWMC_CH0) Channel Duty Cycle Register
#define AT91C_PWMC_CH0_CMR ((AT91_REG *) 0xFFFCC200) // (PWMC_CH0) Channel Mode Register
#define AT91C_PWMC_CH0_CUPDR ((AT91_REG *) 0xFFFCC210) // (PWMC_CH0) Channel Update Register
#define AT91C_PWMC_CH0_CCNTR ((AT91_REG *) 0xFFFCC20C) // (PWMC_CH0) Channel Counter Register
// ========== Register definition for PWMC peripheral ==========
#define AT91C_PWMC_IDR ((AT91_REG *) 0xFFFCC014) // (PWMC) PWMC Interrupt Disable Register
#define AT91C_PWMC_DIS ((AT91_REG *) 0xFFFCC008) // (PWMC) PWMC Disable Register
#define AT91C_PWMC_IER ((AT91_REG *) 0xFFFCC010) // (PWMC) PWMC Interrupt Enable Register
#define AT91C_PWMC_VR ((AT91_REG *) 0xFFFCC0FC) // (PWMC) PWMC Version Register
#define AT91C_PWMC_ISR ((AT91_REG *) 0xFFFCC01C) // (PWMC) PWMC Interrupt Status Register
#define AT91C_PWMC_SR ((AT91_REG *) 0xFFFCC00C) // (PWMC) PWMC Status Register
#define AT91C_PWMC_IMR ((AT91_REG *) 0xFFFCC018) // (PWMC) PWMC Interrupt Mask Register
#define AT91C_PWMC_MR ((AT91_REG *) 0xFFFCC000) // (PWMC) PWMC Mode Register
#define AT91C_PWMC_ENA ((AT91_REG *) 0xFFFCC004) // (PWMC) PWMC Enable Register
// ========== Register definition for UDP peripheral ==========
#define AT91C_UDP_IMR ((AT91_REG *) 0xFFFB0018) // (UDP) Interrupt Mask Register
#define AT91C_UDP_FADDR ((AT91_REG *) 0xFFFB0008) // (UDP) Function Address Register
#define AT91C_UDP_NUM ((AT91_REG *) 0xFFFB0000) // (UDP) Frame Number Register
#define AT91C_UDP_FDR ((AT91_REG *) 0xFFFB0050) // (UDP) Endpoint FIFO Data Register
#define AT91C_UDP_ISR ((AT91_REG *) 0xFFFB001C) // (UDP) Interrupt Status Register
#define AT91C_UDP_CSR ((AT91_REG *) 0xFFFB0030) // (UDP) Endpoint Control and Status Register
#define AT91C_UDP_IDR ((AT91_REG *) 0xFFFB0014) // (UDP) Interrupt Disable Register
#define AT91C_UDP_ICR ((AT91_REG *) 0xFFFB0020) // (UDP) Interrupt Clear Register
#define AT91C_UDP_RSTEP ((AT91_REG *) 0xFFFB0028) // (UDP) Reset Endpoint Register
#define AT91C_UDP_TXVC ((AT91_REG *) 0xFFFB0074) // (UDP) Transceiver Control Register
#define AT91C_UDP_GLBSTATE ((AT91_REG *) 0xFFFB0004) // (UDP) Global State Register
#define AT91C_UDP_IER ((AT91_REG *) 0xFFFB0010) // (UDP) Interrupt Enable Register
// *****************************************************************************
// PIO DEFINITIONS FOR AT91SAM7S256
// *****************************************************************************
#define AT91C_PIO_PA0 ((unsigned int) 1 << 0) // Pin Controlled by PA0
#define AT91C_PA0_PWM0 ((unsigned int) AT91C_PIO_PA0) // PWM Channel 0
Bibliography 108
#define AT91C_PA0_TIOA0 ((unsigned int) AT91C_PIO_PA0) // Timer Counter 0 Multipurpose Timer I/O Pin A
#define AT91C_PIO_PA1 ((unsigned int) 1 << 1) // Pin Controlled by PA1
#define AT91C_PA1_PWM1 ((unsigned int) AT91C_PIO_PA1) // PWM Channel 1
#define AT91C_PA1_TIOB0 ((unsigned int) AT91C_PIO_PA1) // Timer Counter 0 Multipurpose Timer I/O Pin B
#define AT91C_PIO_PA10 ((unsigned int) 1 << 10) // Pin Controlled by PA10
#define AT91C_PA10_DTXD ((unsigned int) AT91C_PIO_PA10) // DBGU Debug Transmit Data
#define AT91C_PA10_NPCS2 ((unsigned int) AT91C_PIO_PA10) // SPI Peripheral Chip Select 2
#define AT91C_PIO_PA11 ((unsigned int) 1 << 11) // Pin Controlled by PA11
#define AT91C_PA11_NPCS0 ((unsigned int) AT91C_PIO_PA11) // SPI Peripheral Chip Select 0
#define AT91C_PA11_PWM0 ((unsigned int) AT91C_PIO_PA11) // PWM Channel 0
#define AT91C_PIO_PA12 ((unsigned int) 1 << 12) // Pin Controlled by PA12
#define AT91C_PA12_MISO ((unsigned int) AT91C_PIO_PA12) // SPI Master In Slave
#define AT91C_PA12_PWM1 ((unsigned int) AT91C_PIO_PA12) // PWM Channel 1
#define AT91C_PIO_PA13 ((unsigned int) 1 << 13) // Pin Controlled by PA13
#define AT91C_PA13_MOSI ((unsigned int) AT91C_PIO_PA13) // SPI Master Out Slave
#define AT91C_PA13_PWM2 ((unsigned int) AT91C_PIO_PA13) // PWM Channel 2
#define AT91C_PIO_PA14 ((unsigned int) 1 << 14) // Pin Controlled by PA14
#define AT91C_PA14_SPCK ((unsigned int) AT91C_PIO_PA14) // SPI Serial Clock
#define AT91C_PA14_PWM3 ((unsigned int) AT91C_PIO_PA14) // PWM Channel 3
#define AT91C_PIO_PA15 ((unsigned int) 1 << 15) // Pin Controlled by PA15
#define AT91C_PA15_TF ((unsigned int) AT91C_PIO_PA15) // SSC Transmit Frame Sync
#define AT91C_PA15_TIOA1 ((unsigned int) AT91C_PIO_PA15) // Timer Counter 1 Multipurpose Timer I/O Pin A
#define AT91C_PIO_PA16 ((unsigned int) 1 << 16) // Pin Controlled by PA16
#define AT91C_PA16_TK ((unsigned int) AT91C_PIO_PA16) // SSC Transmit Clock
#define AT91C_PA16_TIOB1 ((unsigned int) AT91C_PIO_PA16) // Timer Counter 1 Multipurpose Timer I/O Pin B
#define AT91C_PIO_PA17 ((unsigned int) 1 << 17) // Pin Controlled by PA17
#define AT91C_PA17_TD ((unsigned int) AT91C_PIO_PA17) // SSC Transmit data
#define AT91C_PA17_PCK1 ((unsigned int) AT91C_PIO_PA17) // PMC Programmable Clock Output 1
#define AT91C_PIO_PA18 ((unsigned int) 1 << 18) // Pin Controlled by PA18
#define AT91C_PA18_RD ((unsigned int) AT91C_PIO_PA18) // SSC Receive Data
#define AT91C_PA18_PCK2 ((unsigned int) AT91C_PIO_PA18) // PMC Programmable Clock Output 2
#define AT91C_PIO_PA19 ((unsigned int) 1 << 19) // Pin Controlled by PA19
#define AT91C_PA19_RK ((unsigned int) AT91C_PIO_PA19) // SSC Receive Clock
#define AT91C_PA19_FIQ ((unsigned int) AT91C_PIO_PA19) // AIC Fast Interrupt Input
#define AT91C_PIO_PA2 ((unsigned int) 1 << 2) // Pin Controlled by PA2
#define AT91C_PA2_PWM2 ((unsigned int) AT91C_PIO_PA2) // PWM Channel 2
#define AT91C_PA2_SCK0 ((unsigned int) AT91C_PIO_PA2) // USART 0 Serial Clock
#define AT91C_PIO_PA20 ((unsigned int) 1 << 20) // Pin Controlled by PA20
#define AT91C_PA20_RF ((unsigned int) AT91C_PIO_PA20) // SSC Receive Frame Sync
#define AT91C_PA20_IRQ0 ((unsigned int) AT91C_PIO_PA20) // External Interrupt 0
#define AT91C_PIO_PA21 ((unsigned int) 1 << 21) // Pin Controlled by PA21
#define AT91C_PA21_RXD1 ((unsigned int) AT91C_PIO_PA21) // USART 1 Receive Data
#define AT91C_PA21_PCK1 ((unsigned int) AT91C_PIO_PA21) // PMC Programmable Clock Output 1
#define AT91C_PIO_PA22 ((unsigned int) 1 << 22) // Pin Controlled by PA22
#define AT91C_PA22_TXD1 ((unsigned int) AT91C_PIO_PA22) // USART 1 Transmit Data
#define AT91C_PA22_NPCS3 ((unsigned int) AT91C_PIO_PA22) // SPI Peripheral Chip Select 3
#define AT91C_PIO_PA23 ((unsigned int) 1 << 23) // Pin Controlled by PA23
#define AT91C_PA23_SCK1 ((unsigned int) AT91C_PIO_PA23) // USART 1 Serial Clock
#define AT91C_PA23_PWM0 ((unsigned int) AT91C_PIO_PA23) // PWM Channel 0
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#define AT91C_PIO_PA24 ((unsigned int) 1 << 24) // Pin Controlled by PA24
#define AT91C_PA24_RTS1 ((unsigned int) AT91C_PIO_PA24) // USART 1 Ready To Send
#define AT91C_PA24_PWM1 ((unsigned int) AT91C_PIO_PA24) // PWM Channel 1
#define AT91C_PIO_PA25 ((unsigned int) 1 << 25) // Pin Controlled by PA25
#define AT91C_PA25_CTS1 ((unsigned int) AT91C_PIO_PA25) // USART 1 Clear To Send
#define AT91C_PA25_PWM2 ((unsigned int) AT91C_PIO_PA25) // PWM Channel 2
#define AT91C_PIO_PA26 ((unsigned int) 1 << 26) // Pin Controlled by PA26
#define AT91C_PA26_DCD1 ((unsigned int) AT91C_PIO_PA26) // USART 1 Data Carrier Detect
#define AT91C_PA26_TIOA2 ((unsigned int) AT91C_PIO_PA26) // Timer Counter 2 Multipurpose Timer I/O Pin A
#define AT91C_PIO_PA27 ((unsigned int) 1 << 27) // Pin Controlled by PA27
#define AT91C_PA27_DTR1 ((unsigned int) AT91C_PIO_PA27) // USART 1 Data Terminal ready
#define AT91C_PA27_TIOB2 ((unsigned int) AT91C_PIO_PA27) // Timer Counter 2 Multipurpose Timer I/O Pin B
#define AT91C_PIO_PA28 ((unsigned int) 1 << 28) // Pin Controlled by PA28
#define AT91C_PA28_DSR1 ((unsigned int) AT91C_PIO_PA28) // USART 1 Data Set ready
#define AT91C_PA28_TCLK1 ((unsigned int) AT91C_PIO_PA28) // Timer Counter 1 external clock input
#define AT91C_PIO_PA29 ((unsigned int) 1 << 29) // Pin Controlled by PA29
#define AT91C_PA29_RI1 ((unsigned int) AT91C_PIO_PA29) // USART 1 Ring Indicator
#define AT91C_PA29_TCLK2 ((unsigned int) AT91C_PIO_PA29) // Timer Counter 2 external clock input
#define AT91C_PIO_PA3 ((unsigned int) 1 << 3) // Pin Controlled by PA3
#define AT91C_PA3_TWD ((unsigned int) AT91C_PIO_PA3) // TWI Two-wire Serial Data
#define AT91C_PA3_NPCS3 ((unsigned int) AT91C_PIO_PA3) // SPI Peripheral Chip Select 3
#define AT91C_PIO_PA30 ((unsigned int) 1 << 30) // Pin Controlled by PA30
#define AT91C_PA30_IRQ1 ((unsigned int) AT91C_PIO_PA30) // External Interrupt 1
#define AT91C_PA30_NPCS2 ((unsigned int) AT91C_PIO_PA30) // SPI Peripheral Chip Select 2
#define AT91C_PIO_PA31 ((unsigned int) 1 << 31) // Pin Controlled by PA31
#define AT91C_PA31_NPCS1 ((unsigned int) AT91C_PIO_PA31) // SPI Peripheral Chip Select 1
#define AT91C_PA31_PCK2 ((unsigned int) AT91C_PIO_PA31) // PMC Programmable Clock Output 2
#define AT91C_PIO_PA4 ((unsigned int) 1 << 4) // Pin Controlled by PA4
#define AT91C_PA4_TWCK ((unsigned int) AT91C_PIO_PA4) // TWI Two-wire Serial Clock
#define AT91C_PA4_TCLK0 ((unsigned int) AT91C_PIO_PA4) // Timer Counter 0 external clock input
#define AT91C_PIO_PA5 ((unsigned int) 1 << 5) // Pin Controlled by PA5
#define AT91C_PA5_RXD0 ((unsigned int) AT91C_PIO_PA5) // USART 0 Receive Data
#define AT91C_PA5_NPCS3 ((unsigned int) AT91C_PIO_PA5) // SPI Peripheral Chip Select 3
#define AT91C_PIO_PA6 ((unsigned int) 1 << 6) // Pin Controlled by PA6
#define AT91C_PA6_TXD0 ((unsigned int) AT91C_PIO_PA6) // USART 0 Transmit Data
#define AT91C_PA6_PCK0 ((unsigned int) AT91C_PIO_PA6) // PMC Programmable Clock Output 0
#define AT91C_PIO_PA7 ((unsigned int) 1 << 7) // Pin Controlled by PA7
#define AT91C_PA7_RTS0 ((unsigned int) AT91C_PIO_PA7) // USART 0 Ready To Send
#define AT91C_PA7_PWM3 ((unsigned int) AT91C_PIO_PA7) // PWM Channel 3
#define AT91C_PIO_PA8 ((unsigned int) 1 << 8) // Pin Controlled by PA8
#define AT91C_PA8_CTS0 ((unsigned int) AT91C_PIO_PA8) // USART 0 Clear To Send
#define AT91C_PA8_ADTRG ((unsigned int) AT91C_PIO_PA8) // ADC External Trigger
#define AT91C_PIO_PA9 ((unsigned int) 1 << 9) // Pin Controlled by PA9
#define AT91C_PA9_DRXD ((unsigned int) AT91C_PIO_PA9) // DBGU Debug Receive Data
#define AT91C_PA9_NPCS1 ((unsigned int) AT91C_PIO_PA9) // SPI Peripheral Chip Select 1
// *****************************************************************************
// PERIPHERAL ID DEFINITIONS FOR AT91SAM7S256
// *****************************************************************************
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#define AT91C_ID_FIQ ((unsigned int) 0) // Advanced Interrupt Controller (FIQ)
#define AT91C_ID_SYS ((unsigned int) 1) // System Peripheral
#define AT91C_ID_PIOA ((unsigned int) 2) // Parallel IO Controller
#define AT91C_ID_3_Reserved ((unsigned int) 3) // Reserved
#define AT91C_ID_ADC ((unsigned int) 4) // Analog-to-Digital Converter
#define AT91C_ID_SPI ((unsigned int) 5) // Serial Peripheral Interface
#define AT91C_ID_US0 ((unsigned int) 6) // USART 0
#define AT91C_ID_US1 ((unsigned int) 7) // USART 1
#define AT91C_ID_SSC ((unsigned int) 8) // Serial Synchronous Controller
#define AT91C_ID_TWI ((unsigned int) 9) // Two-Wire Interface
#define AT91C_ID_PWMC ((unsigned int) 10) // PWM Controller
#define AT91C_ID_UDP ((unsigned int) 11) // USB Device Port
#define AT91C_ID_TC0 ((unsigned int) 12) // Timer Counter 0
#define AT91C_ID_TC1 ((unsigned int) 13) // Timer Counter 1
#define AT91C_ID_TC2 ((unsigned int) 14) // Timer Counter 2
#define AT91C_ID_15_Reserved ((unsigned int) 15) // Reserved
#define AT91C_ID_16_Reserved ((unsigned int) 16) // Reserved
#define AT91C_ID_17_Reserved ((unsigned int) 17) // Reserved
#define AT91C_ID_18_Reserved ((unsigned int) 18) // Reserved
#define AT91C_ID_19_Reserved ((unsigned int) 19) // Reserved
#define AT91C_ID_20_Reserved ((unsigned int) 20) // Reserved
#define AT91C_ID_21_Reserved ((unsigned int) 21) // Reserved
#define AT91C_ID_22_Reserved ((unsigned int) 22) // Reserved
#define AT91C_ID_23_Reserved ((unsigned int) 23) // Reserved
#define AT91C_ID_24_Reserved ((unsigned int) 24) // Reserved
#define AT91C_ID_25_Reserved ((unsigned int) 25) // Reserved
#define AT91C_ID_26_Reserved ((unsigned int) 26) // Reserved
#define AT91C_ID_27_Reserved ((unsigned int) 27) // Reserved
#define AT91C_ID_28_Reserved ((unsigned int) 28) // Reserved
#define AT91C_ID_29_Reserved ((unsigned int) 29) // Reserved
#define AT91C_ID_IRQ0 ((unsigned int) 30) // Advanced Interrupt Controller (IRQ0)
#define AT91C_ID_IRQ1 ((unsigned int) 31) // Advanced Interrupt Controller (IRQ1)
// *****************************************************************************
// BASE ADDRESS DEFINITIONS FOR AT91SAM7S256
// *****************************************************************************
#define AT91C_BASE_SYS ((AT91PS_SYS) 0xFFFFF000) // (SYS) Base Address
#define AT91C_BASE_AIC ((AT91PS_AIC) 0xFFFFF000) // (AIC) Base Address
#define AT91C_BASE_PDC_DBGU ((AT91PS_PDC) 0xFFFFF300) // (PDC_DBGU) Base Address
#define AT91C_BASE_DBGU ((AT91PS_DBGU) 0xFFFFF200) // (DBGU) Base Address
#define AT91C_BASE_PIOA ((AT91PS_PIO) 0xFFFFF400) // (PIOA) Base Address
#define AT91C_BASE_CKGR ((AT91PS_CKGR) 0xFFFFFC20) // (CKGR) Base Address
#define AT91C_BASE_PMC ((AT91PS_PMC) 0xFFFFFC00) // (PMC) Base Address
#define AT91C_BASE_RSTC ((AT91PS_RSTC) 0xFFFFFD00) // (RSTC) Base Address
#define AT91C_BASE_RTTC ((AT91PS_RTTC) 0xFFFFFD20) // (RTTC) Base Address
#define AT91C_BASE_PITC ((AT91PS_PITC) 0xFFFFFD30) // (PITC) Base Address
#define AT91C_BASE_WDTC ((AT91PS_WDTC) 0xFFFFFD40) // (WDTC) Base Address
#define AT91C_BASE_VREG ((AT91PS_VREG) 0xFFFFFD60) // (VREG) Base Address
#define AT91C_BASE_MC ((AT91PS_MC) 0xFFFFFF00) // (MC) Base Address
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#define AT91C_BASE_PDC_SPI ((AT91PS_PDC) 0xFFFE0100) // (PDC_SPI) Base Address
#define AT91C_BASE_SPI ((AT91PS_SPI) 0xFFFE0000) // (SPI) Base Address
#define AT91C_BASE_PDC_ADC ((AT91PS_PDC) 0xFFFD8100) // (PDC_ADC) Base Address
#define AT91C_BASE_ADC ((AT91PS_ADC) 0xFFFD8000) // (ADC) Base Address
#define AT91C_BASE_PDC_SSC ((AT91PS_PDC) 0xFFFD4100) // (PDC_SSC) Base Address
#define AT91C_BASE_SSC ((AT91PS_SSC) 0xFFFD4000) // (SSC) Base Address
#define AT91C_BASE_PDC_US1 ((AT91PS_PDC) 0xFFFC4100) // (PDC_US1) Base Address
#define AT91C_BASE_US1 ((AT91PS_USART) 0xFFFC4000) // (US1) Base Address
#define AT91C_BASE_PDC_US0 ((AT91PS_PDC) 0xFFFC0100) // (PDC_US0) Base Address
#define AT91C_BASE_US0 ((AT91PS_USART) 0xFFFC0000) // (US0) Base Address
#define AT91C_BASE_TWI ((AT91PS_TWI) 0xFFFB8000) // (TWI) Base Address
#define AT91C_BASE_TC0 ((AT91PS_TC) 0xFFFA0000) // (TC0) Base Address
#define AT91C_BASE_TC1 ((AT91PS_TC) 0xFFFA0040) // (TC1) Base Address
#define AT91C_BASE_TC2 ((AT91PS_TC) 0xFFFA0080) // (TC2) Base Address
#define AT91C_BASE_TCB ((AT91PS_TCB) 0xFFFA0000) // (TCB) Base Address
#define AT91C_BASE_PWMC_CH3 ((AT91PS_PWMC_CH) 0xFFFCC260) // (PWMC_CH3) Base Address
#define AT91C_BASE_PWMC_CH2 ((AT91PS_PWMC_CH) 0xFFFCC240) // (PWMC_CH2) Base Address
#define AT91C_BASE_PWMC_CH1 ((AT91PS_PWMC_CH) 0xFFFCC220) // (PWMC_CH1) Base Address
#define AT91C_BASE_PWMC_CH0 ((AT91PS_PWMC_CH) 0xFFFCC200) // (PWMC_CH0) Base Address
#define AT91C_BASE_PWMC ((AT91PS_PWMC) 0xFFFCC000) // (PWMC) Base Address
#define AT91C_BASE_UDP ((AT91PS_UDP) 0xFFFB0000) // (UDP) Base Address
// *****************************************************************************
// MEMORY MAPPING DEFINITIONS FOR AT91SAM7S256
// *****************************************************************************
#define AT91C_ISRAM ((char *) 0x00200000) // Internal SRAM base address
#define AT91C_ISRAM_SIZE ((unsigned int) 0x00010000) // Internal SRAM size in byte (64 Kbyte)
#define AT91C_IFLASH ((char *) 0x00100000) // Internal ROM base address
#define AT91C_IFLASH_SIZE ((unsigned int) 0x00040000) // Internal ROM size in byte (256 Kbyte)
#endif

Appendix B. Matlab Source Code
.8 MotorcontrolUI.m
%********************** Josef Cupic - Rafel Moya ********************
%*************************** 26.03.2010 *****************************
%***************************** GUI **********************************
%***************************** GUI **********************************
function varargout = Motorcontrol_UI(varargin)
% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct(’gui_Name’, mfilename, ...
’gui_Singleton’, gui_Singleton, ...
’gui_OpeningFcn’, @Motorcontrol_UI_OpeningFcn, ...
’gui_OutputFcn’, @Motorcontrol_UI_OutputFcn, ...
’gui_LayoutFcn’, [] , ...
’gui_Callback’, []);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT
end
function Motorcontrol_UI_OpeningFcn(hObject, eventdata, handles, varargin)
set(hObject,’Tag’,’MC’);
set(handles.Motorcontrol_UI,’CloseRequestFcn’,{@CloseCB});
guihandles = handles;
guidata(hObject, handles);
UsartInit();
UpdateConnectionUI();
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DataInit();
UpdateDataUI();
end
function varargout = Motorcontrol_UI_OutputFcn(hObject, eventdata, handles)
end
function TextMessages_Callback(hObject, eventdata, handles)
end
function TextMessages_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
end
end
function PushbuttonConnect_Callback(hObject, eventdata, handles)
if(UsartGetState())
CommandInterpreter(’close’, ’’);
else
CommandInterpreter(’open’, ’’);
end
end
function EditTextTransmitt_Callback(hObject, eventdata, handles)
s = get(hObject, ’String’);
set(hObject, ’String’,’’);
size(s,2);
if(size(s,2) > 0)
Interpreter(s(1,:));
end
end
function EditTextTransmitt_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
end
end
function listboxPlot_Callback(hObject, eventdata, handles)
end
function listboxPlot_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
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end
end
function pushbuttonPlot_Callback(hObject, eventdata, handles)
byteorder = ’b’; % big endian
%byteorder = ’l’; % little endian
pos = get(handles.listboxPlot,’Value’)
files = get(handles.listboxPlot, ’String’)
file = files{pos,1};
CommandInterpreter(’plot’, file);
end
function popupmenuDataBits_Callback(hObject, eventdata, handles)
pos = get(handles.popupmenuDataBits, ’Value’);
values = get(handles.popupmenuDataBits, ’String’);
value = values{pos,1};
CommandInterpreter(’databits’, value);
end
function popupmenuDataBits_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
end
set(hObject,’String’,UsartGetDataBitsList());
end
function popupmenuParity_Callback(hObject, eventdata, handles)
pos = get(handles.popupmenuParity, ’Value’);
values = get(handles.popupmenuParity, ’String’);
value = values{pos,1};
CommandInterpreter(’parity’, value);
end
function popupmenuParity_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
end
set(hObject,’String’,UsartGetParityList());
end
function popupmenuStopBits_Callback(hObject, eventdata, handles)
pos = get(handles.popupmenuStopBits, ’Value’);
values = get(handles.popupmenuStopBits, ’String’);
value = values{pos,1};
CommandInterpreter(’stopbits’, value);
end
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function popupmenuStopBits_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
end
set(hObject,’String’,UsartGetStopBitsList());
end
function popupmenuBaudRate_Callback(hObject, eventdata, handles)
pos = get(handles.popupmenuBaudRate, ’Value’);
values = get(handles.popupmenuBaudRate, ’String’);
value = values{pos,1};
CommandInterpreter(’baudrate’, value);
end
function popupmenuBaudRate_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
end
set(hObject,’String’,UsartGetBaudRateList());
end
function pushbuttonConnect_Callback(hObject, eventdata, handles)
if(UsartGetState())
CommandInterpreter(’close’, ’’);
else
CommandInterpreter(’open’, ’’);
end
end
function UpdateConnectionUI()
handles = guidata(findall(0, ’Tag’, ’MC’));
if(UsartGetState())
set(handles.pushbuttonConnect, ’String’, ’Close’);
set(handles.editPort, ’Enable’, ’off’);
set(handles.popupmenuBaudRate, ’Enable’, ’off’);
set(handles.popupmenuDataBits, ’Enable’, ’off’);
set(handles.popupmenuStopBits, ’Enable’, ’off’);
set(handles.popupmenuParity, ’Enable’, ’off’);
else
set(handles.pushbuttonConnect, ’String’, ’Open’);
set(handles.editPort, ’Enable’, ’on’);
set(handles.popupmenuBaudRate, ’Enable’, ’on’);
set(handles.popupmenuDataBits, ’Enable’, ’on’);
set(handles.popupmenuStopBits, ’Enable’, ’on’);
set(handles.popupmenuParity, ’Enable’, ’on’);
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set(handles.editPort, ’String’, UsartGetPort());
set(handles.popupmenuBaudRate, ’Value’,
UsartValidBaudRate(UsartGetBaudRate()));
set(handles.popupmenuDataBits, ’Value’,
UsartValidDataBits(UsartGetDataBits()));
set(handles.popupmenuStopBits, ’Value’,
UsartValidStopBits(UsartGetStopBits()));
set(handles.popupmenuParity, ’Value’,
UsartValidParity(UsartGetParity()));
end
end
function UpdateDataUI()
handles = guidata(findall(0, ’Tag’, ’MC’));
end
function editPort_Callback(hObject, eventdata, handles)
value = get(hObject, ’String’);
value = upper(value);
value = strtrim(value);
CommandInterpreter(’port’, value);
end
function editPort_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’),
get(0,’defaultUicontrolBackgroundColor’))
set(hObject,’BackgroundColor’,’white’);
end
end
function pushbuttonReferece_Callback(hObject, eventdata, handles)
pos = get(handles.popupmenuReference, ’Value’);
values = get(handles.popupmenuReference, ’String’);
value = values{pos,1};
CommandInterpreter(’upload’, value);
end
function popupmenuReference_Callback(hObject, eventdata, handles)
end
function popupmenuReference_CreateFcn(hObject, eventdata, handles)
if ispc
set(hObject,’BackgroundColor’,’white’);
else
set(hObject,’BackgroundColor’,get(0,’defaultUicontrolBackgroundColor’));
end
set(hObject,’String’,UsartGetReferenceList());
end
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%*******************************************************
function val = UsartGetReferenceList()
val = {’ref1’; ’ref2’; ’ref3’; ’ref4’; ’ref5’};
end
function CloseCB(src, evnt)
CommandInterpreter(’exit’, ’’)
end
function Interpreter(text)
%-----------------COMMUNICATIONS PROTOCOL (TX)--------------------
len = length(text); % measuring text length
text = strcat(len,text);
text = strcat(85,text); % Adding the preamble 3 ’0x55’
text = strcat(170,text); % Adding the preamble 2 ’0xAA’
text = strcat(170,text); % Adding the preamble 1 ’0xAA’
%-----------------COMMUNICATIONS PROTOCOL (TX)---------------------
if(strncmp(text’, ’>’, 1))
text = text(2:length(text));
[cmd, para] = strtok(text);
cmd = strtrim(cmd);
para = strtrim(para);
CommandInterpreter(cmd, para)
else
TransmittInterpreter(text)
end
end
function TransmittInterpreter(text)
if(UsartTransmitt(text))
LogWrite([’TX: ’, text]);
else
LogWrite(’MSG: Transmission failed’);
end
end
function CommandInterpreter(cmd, para)
switch cmd
case ’open’
if(UsartOpen())
UpdateConnectionUI();
LogWrite([’MSG: Port ’’’, UsartGetPort(), ’’’ opened’]);
else
LogWrite([’MSG: Open Port ’’’, UsartGetPort(), ’’’ failed’]);
end
119 .8. MotorcontrolUI.m
case ’close’
if(UsartClose())
UpdateConnectionUI();
LogWrite([’MSG: Port ’’’, UsartGetPort(), ’’’ closed’]);
else
LogWrite([’MSG: Close Port ’’’, UsartGetPort(), ’’’ failed’]);
end
case ’port’
if(length(para) == 0)
LogWrite([’MSG: Port ’’’, UsartGetPort(), ’’’’]);
else
if(UsartSetPort(para))
UpdateConnectionUI();
LogWrite([’MSG: Port ’’’, UsartGetPort(), ’’’’]);
else
LogWrite(’MSG: Set Port failed’);
end
end
case ’baudrate’
if(length(para) == 0)
LogWrite([’MSG: BaudRate ’’’, UsartGetBaudRate(), ’’’’]);
else
if(UsartSetBaudRate(para))
UpdateConnectionUI();
LogWrite([’MSG: BaudRate ’’’, UsartGetBaudRate(), ’’’’]);
else
LogWrite(’MSG: Set Baud Rate failed’);
end
end
case ’databits’
if(length(para) == 0)
LogWrite([’MSG: DataBits ’’’, UsartGetDataBits(), ’’’’]);
else
if(UsartSetDataBits(para))
UpdateConnectionUI();
LogWrite([’MSG: DataBits ’’’, UsartGetDataBits(), ’’’’]);
else
LogWrite(’MSG: Set Data Bits failed’);
end
end
case ’stopbits’
if(length(para) == 0)
LogWrite([’MSG: StopBits ’’’, UsartGetStopBits(), ’’’’]);
else
if(UsartSetStopBits(para))
UpdateConnectionUI();
LogWrite([’MSG: StopBits ’’’, UsartGetStopBits(), ’’’’]);
else
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LogWrite(’MSG: Set Stop Bits failed’);
end
end
case ’parity’
if(length(para) == 0)
LogWrite([’MSG: Parity ’’’, UsartGetParity(), ’’’’]);
else
if(UsartSetParity(para))
UpdateConnectionUI();
LogWrite([’MSG: Parity ’’’, UsartGetParity(), ’’’’]);
else
LogWrite(’MSG: Set Parity failed’);
end
end
case ’exit’
UsartEnd();
delete(gcf);
case ’?’
if(UsartGetState())
LogWrite([’MSG: Port ’’’, UsartGetPort(), ’’’ open, ’,...
’BaudRate ’’’, UsartGetBaudRate(), ’’’, ’,...
’DataBits ’’’, UsartGetDataBits(), ’’’, ’,...
’StopBits ’’’, UsartGetStopBits(), ’’’, ’,...
’Parity ’’’, UsartGetParity(), ’’’’ ]);
else
LogWrite([’MSG: Port ’’’, UsartGetPort(), ’’’ closed, ’,...
’BaudRate ’’’, UsartGetBaudRate(), ’’’, ’,...
’DataBits ’’’, UsartGetDataBits(), ’’’, ’,...
’StopBits ’’’, UsartGetStopBits(), ’’’, ’,...
’Parity ’’’, UsartGetParity(), ’’’’]);
end
case ’clc’
LogClear();
case ’plot’
LogWrite([’MSG: Plot ’’’, para, ’’’’]);
read([’data\’, para]);
case ’upload’
if(TransmittReference([’ref\’, para]))
LogWrite([’MSG: Upload ’’’, para, ’’’’]);
else
LogWrite(’MSG: Upload failed’);
end
otherwise
LogWrite([’MSG: Unknown Command’]);
end
end
function ReceiveInterpreter(obj, event) %We come here for every packet
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%-----------------COMMUNICATIONS PROTOCOL (RX)---------------------
%-----------------VARIABLE DECLARATION FOR PROTOCOL (beginning)------
acount=0; %acount for the number of ’A’ in the preamble
len=0; %length of the message
numpackets=0; %total num packets
i = 0; %Variable used to print on the log & to iterate
% Floodgates for every field in the protocol
waitpre=1;
waitlength = 0;
waitcommand =0;
waitmsg=0;
waitnumpack=0;
%-----------------VARIABLE DECLARATION FOR PROTOCOL (end)------------
handles = guidata(findall(0, ’Tag’, ’MC’));
while(UsartBytesAvailable() > 0) %This while processes one whole packet
u = UsartReceive(1);
if(waitpre==1) %--------PREAMBLE FIELD--------
if (u==170) %170=’0xAA’
acount=acount + 1;
elseif(u==85 & (acount==1 | acount ==2)) %85=’0x55’
acount=0; %Reinitializing counters for ’A’ counter
waitpre=0;
waitlength=1;
end
elseif(waitlength==1) %---------LENGTH FIELD----------
len =u;
waitlength=0;
waitcommand=1;
elseif (waitcommand==1) %---------COMMAND FIELD---------
command=u;
if(command==’d’) % Data packet
waitnumpack = 1; %Jump to state waitnumpack
elseif(command==6)
LogWrite([’RX: ACK’]);
elseif(command==21)
LogWrite([’RX: NACK’]);
else %Not a data packet
LogWrite([’NOT DATA PACKET’]);
i = i + 1;
str(1,i) = char(command);
waitmsg=1; %Jump to state waitmsg
end
waitcommand=0;
elseif (waitmsg==1) %-----------MSG FIELD---------
c = char(u);
i = i + 1;
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str(1, i) = c;
if (i==len)
LogWrite([’RX: ’, str]);
i = 0;
clear str;
waitmsg = 0;
waitpre = 1;
end
elseif (waitnumpack==1) %-------- # Packets + DATA ------
%Distinguishing for 4 packet cases: Packet 0, First, Last, Rest
switch handles.currpack
case 0 % First packet of segmentation
handles.totalnumpack = u*256;
u = UsartReceive(1); % 2nd byte of the numpacket field
handles.totalnumpack = handles.totalnumpack + u;
%By this point handles.totalnumpack = 561
LogWrite([’RX: ’,
sprintf(’%u’, handles.currpack),’ (First packet)’]);
handles.plotnr = handles.plotnr + 1;
handles.plotfile = [’data’,
sprintf(’%u’, handles.plotnr)];
handles.currpack=handles.currpack+1;
guidata(findall(0, ’Tag’, ’MC’), handles);
ReceiveSave([handles.plotfile],100);
Interpreter(6);
break;
case (handles.totalnumpack-1) %Last Packet
u = UsartReceive(1);
% 2nd byte of the numpacket field (Discard)
LogWrite([’MSG: ’,
’Data written to ’’’, handles.plotfile, ’’’’]);
LogWrite([’RX: ’,
sprintf(’%u’, handles.currpack), ’ (Last packet)’]);
handles.currpack=handles.currpack+1;
waitnumpack=0;
guidata(findall(0, ’Tag’, ’MC’), handles);
ReceiveSave([handles.plotfile],len-3);
handles.currpack=0;
guidata(findall(0, ’Tag’, ’MC’), handles);
t = get(handles.listboxPlot, ’String’);
n = size(t, 2) * size(t, 1);
c = cell((n+1), 1);
c{1,1} = handles.plotfile;
for i = 1:n
c{i+1,1} = t{i,1};
end
set(handles.listboxPlot, ’String’, c);
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Interpreter(6); % ACK MSG
CommandInterpreter(’plot’, handles.plotfile)
break;
otherwise % Rest of packets
p = UsartReceive(1);
% 2nd byte of the numpacket field (Discard)
LogWrite([’RX: RF-Packet ’,sprintf(’%u’, u*256 + p)]);
%LogOverWrite([’RX: Transferred ’,
%sprintf(’%g’, ((u*256 + p)/handles.totalnumpack)*100),’%’]);
handles.currpack=handles.currpack+1;
guidata(findall(0, ’Tag’, ’MC’), handles);
ReceiveSave([handles.plotfile],100);
Interpreter(6);
break;
end
waitnumpack=0;
waitpre=1;
end
end
end
function r = TransmittReference(file)
r = 0;
if(UsartTransmitt(’r’))
if(UsartTransmittFile(file))
r = 1;
end
end
end
%******************************* Data ************************************
%******************************* Data ************************************
function DataInit() % Declaration of Global Variables
handles = guidata(findall(0, ’Tag’, ’MC’));
handles.datamode = 0;
handles.datalength = 0;
handles.datapos = 0;
handles.datafid = 0;
handles.plotnr = 0;
handles.currpack = 0; %No. of the current packet
handles.totalnumpack=0; %Total number of packets
guidata(findall(0, ’Tag’, ’MC’), handles);
end
function DataPlot(file)
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handles = guidata(findall(0, ’Tag’, ’MC’));
read([’plots\’, file]);
end
function r = ReceiveSave(file,length)
handles = guidata(findall(0, ’Tag’, ’MC’));
handles.datapos = 0;
handles.datalength = length;
n=0;
if(handles.currpack ==1)
%First Packet (Equals because already handles.currpack++)
LogWrite([’MSG: Openning file’]);
handles.datafid = fopen([’data\’, file], ’w’); %open the file
end
d = UsartReceive(length);
fwrite(handles.datafid, d, ’uint8’, 0, ’b’);
if(handles.currpack == handles.totalnumpack) % If last packet, close file
LogWrite([’MSG: Closing File’]);
fclose(handles.datafid);
r = 101;
else
r=1;
end
guidata(findall(0, ’Tag’, ’MC’), handles);
end
%******************************* Log ************************************
%******************************* Log ************************************
function LogWrite(txt)
handles = guidata(findall(0, ’Tag’, ’MC’));
t = get(handles.TextMessages, ’String’);
n = size(t, 1);
c = cell(n + 1, 1);
for i = 1 : n
c{i} = t{i};
end
c{n + 1} = txt;
set(handles.TextMessages, ’String’, c);
end
function LogOverWrite(txt)
handles = guidata(findall(0, ’Tag’, ’MC’));
t = get(handles.TextMessages, ’String’);
n = size(t, 1);
c = cell(n, 1);
for i = 1 : n - 1
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c{i} = t{i};
end
c{n} = txt;
set(handles.TextMessages, ’String’, c);
end
function LogClear()
handles = guidata(findall(0, ’Tag’, ’MC’));
set(handles.TextMessages, ’String’, ’’);
end
%******************************* Usart ************************************
%******************************* Usart ************************************
function UsartInit()
try,
load ’sobj’ sid;
catch,
sid = serial(’COM1’,...
’BaudRate’, 115200,...
’Parity’, ’none’,...
’DataBits’, 8,...
’StopBits’, 1,...
’InputBufferSize’, 32768,...
’OutputBufferSize’, 32768,...
’Timeout’, 0.15,...
’Tag’, ’Josef’);
end
tid = timer(’TimerFcn’,{@ReceiveInterpreter},...
’Period’, 0.2,...
’BusyMode’, ’drop’,...
’ExecutionMode’, ’fixedRate’,...
’Tag’, ’Josef’);
end
function r = UsartOpen()
try,
fopen(UsartGetSid());
start(UsartGetTid());
if(UsartGetState())
r = 1;
else
r = 0;
end
catch,
r = 0;
end
end
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function r = UsartClose()
if(UsartGetState())
sids = instrfind(’Tag’, ’Josef’);
stop(UsartGetTid());
fclose(sids);
end
r = 1;
end
function UsartEnd()
sids = instrfind(’Tag’, ’Josef’);
if(length(sids) > 0)
tid = UsartGetTid();
stop(tid);
delete(tid);
sid = sids(1);
save ’sobj’ sid;
delete(sids);
end
end
function r = UsartTransmittFile(file)
if(UsartGetState())
fid = fopen(file, ’r’);
% this is very dirty
all = fread(fid, 1000, ’int8’, 0, ’l’);
disp(all(1))
fwrite(UsartGetSid(), all);
all = fread(fid, 1000, ’int8’, 0, ’l’);
disp(all(1))
fwrite(UsartGetSid(), all);
all = fread(fid, 1000, ’int8’, 0, ’l’);
disp(all(1))
fwrite(UsartGetSid(), all);
all = fread(fid, 1000, ’int8’, 0, ’l’);
disp(all(1))
fwrite(UsartGetSid(), all);
fclose(fid);
r = 1;
else
r = 0;
end
end
function r = UsartTransmitt(str)
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if(UsartGetState())
warning off MATLAB:sprintf:InputForPercentSIsNotOfClassChar;
fwrite(UsartGetSid(), str);
r = 1;
else
r = 0;
end
end
function r = UsartReceive(num)
if(UsartGetState())
r = fread(UsartGetSid(), num, ’uint8’);
else
r = [];
end
end
function r = UsartBytesAvailable();
if(UsartGetState())
sid = UsartGetSid();
r = sid.BytesAvailable;
else
r = 0;
end
end
function sid = UsartGetSid()
sids = instrfind(’Tag’, ’Josef’);
sid = sids(1);
end
function tid = UsartGetTid()
tids = timerfindall(’Tag’, ’Josef’);
tid = tids(1);
end
function val = UsartGetState()
if(strcmp(get(UsartGetSid(), ’Status’), ’open’))
val = 1;
else
val = 0;
end
end
function val = UsartGetPort()
val = get(UsartGetSid(), ’Port’);
end
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function val = UsartGetBaudRate()
val = sprintf(’%d’, get(UsartGetSid(), ’BaudRate’));
end
function val = UsartGetBaudRateList()
val = {’110’; ’300’; ’600’; ’1200’; ’2400’; ’4800’;
’9600’; ’14400’; ’19200’; ’28800’; ’38400’; ’56000’; ’57600’;
’115200’; ’128000’; ’256000’};
end
function val = UsartValidBaudRate(str)
val = UsartGetListPos(str, UsartGetBaudRateList());
end
function val = UsartGetDataBits()
val = sprintf(’%d’, get(UsartGetSid(), ’DataBits’));
end
function val = UsartGetDataBitsList()
val = {’5’; ’6’; ’7’; ’8’};
end
function val = UsartValidDataBits(str)
val = UsartGetListPos(str, UsartGetDataBitsList());
end
function val = UsartGetStopBits()
i = get(UsartGetSid(), ’StopBits’);
if(i == 1.5)
val = sprintf(’%2.1f’, i);
else
val = sprintf(’%d’, i);
end
end
function val = UsartGetStopBitsList()
val = {’1’; ’1.5’; ’2’};
end
function val = UsartValidStopBits(str)
val = UsartGetListPos(str, UsartGetStopBitsList());
end
function val = UsartGetParity()
val = get(UsartGetSid(), ’Parity’);
end
function val = UsartGetParityList()
val = {’none’; ’odd’; ’even’; ’mark’; ’space’};
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end
function val = UsartValidParity(str)
val = UsartGetListPos(str, UsartGetParityList());
end
function pos = UsartGetListPos(str, list)
pos = 0;
for i = 1:size(list, 1)
if(strcmp(str, list(i, 1)))
pos = i;
end
end
end
function r = UsartSetPort(val)
if(UsartGetState())
r = 0;
else
%if(UsartValidBaudRate(val))
set(UsartGetSid(), ’Port’, val);
r = 1;
%else
% r = 0;
%end
end
end
function r = UsartSetBaudRate(val)
if(UsartGetState())
r = 0;
else
if(UsartValidBaudRate(val))
set(UsartGetSid(), ’BaudRate’, str2num(val));
r = 1;
else
r = 0;
end
end
end
function r = UsartSetDataBits(val)
if(UsartGetState())
r = 0;
else
if(UsartValidDataBits(val))
set(UsartGetSid(), ’DataBits’, str2num(val));
r = 1;
else
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r = 0;
end
end
end
function r = UsartSetStopBits(val)
if(UsartGetState())
r = 0;
else
if(UsartValidStopBits(val))
set(UsartGetSid(), ’StopBits’, str2num(val));
r = 1;
else
r = 0;
end
end
end
function r = UsartSetParity(val)
if(UsartGetState())
r = 0;
else
if(UsartValidParity(val))
set(UsartGetSid(), ’Parity’, val);
r = 1;
else
r = 0;
end
end
end
